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(54) Tltki TRISUBSTiTUTED PHENYL DERIVATIVES AS PHOSPHODIESTERASE INHIBITORS AND PROCESSES FOR THEIR 
PREPARATION 

(57) Abstract 

Compounds of general formula (I) are described wherein Y 
is a halogen atom or a group -OR 1 , where R< is an optionally 
substituted alkyl group: X is -O. -S- or -N(R 7 K where R 7 ui a 
hydrogen atom or an alkyl group; R 1 is an optionally substituted 
cycloalkyl or cycloalkcnyl group; R J and R 4 , which may be the 
same or diffetent, is each a hydrogen atom or an alkyl. -COiR 1 
(where R 9 is a hydrogen atom or an alkyl, aryl, or araikyl group), 
-CONR*R 10 (where R» and R«° which may be the same or different 
is each a hydrogen atom or an alkyl, aryl or araikyl group), -CSNR'R"\ -CN, CHtCN group; Z is -(CH^ (where n Is lero or an integer I. 
2 or 3; R 3 is an optionally substituted monocyclic or bicyclic aryl group optionally containing one or more heteroatoms selected from oxygen, 
sulphur or nitrogen atoms; R« Is a hydrogen atom or a hydroxyl group; and the salts, solvates, hydrates, prodrugs and N^oxides thereof 
Compounds according to the invention are potent and selective phosphodiesterase type IV inhibitors and are useful in the prophylaxis and 
treatment of diseases such as asthma where an unwanted Inflammatory response or muscular spasm is present 




C(R 3 )(R 9 )CH(R 4 )(Z-R 5 ) 
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TRISUBSTITUTED PHENYL DERIVATIVES AS PHOSPHODIESTERASE 
INHIBITORS AND PROCESSES FOR WEIR PREPARATION 



This invention relates to a novel series of tri-substituted phenyl derivatives, 
lo processes, for their preparation, to pharmaceutical compositions 
containing them, and to their use in medicine. 

10 Many hormones and neurotransmitters modulate tissue function by 
elevating intra-cellular levels oi adenosine 3', 5'-cyclic monophosphate 
(cAMP). The cellular levels of cAMP are regulated by mechanisms which 
control synthesis and breakdown. The synthesis of cAMP is controlled by 
adenyiyl cyclase which may be directly activated by agents such as 
.15 forskolin or indirectly activated by the binding of specific agonists to cell 
surface receptors which are coupled to adenyiyl cyclase. The breakdown 
of cAMP is controlled by a family of phosphodiesterase (PDE) 
isoenzymes, which also control the breakdown of guanosine 3',5-cyclic 
monophosphate (cGMP). To date, seven members of the family have 
2cf been described (PDE l-VII) the distribution of which varies from tissue to 
tissue. This suggests that specific inhibitors of PDE isoenzymes could 
achieve differential elevation oi cAMP in different tissues, (for reviews of 
PDE distribution, structure, function and regulation, see Beavo & 
Reifsnyder (1990) TIPS, H: 150-155 and Nicholson et al (1991) TIPS, 1£: 
25 19-27], 

There is clear evidence that elevation of cAMP in inflammatory leukocytes 
leads to inhibition of their activation. Furthermore, elevation of cAMP in 
airway smooth muscle has a spasmolytic effect. In these tissues, PUE IV 
30 plays a major role in the hydrolysis of cAMP. It can be expected, 
therefore, that selective inhibitors of PDE IV would have therapeutic 
effects in inflammatory diseases such as asthma, by achieving both anti- 
inflammatory and bronchodilator eifects. 

35 The design oi PDE IV inhibitors has met with limited success to date, in 
that many of the potential PDE IV inhibitors which have been synthesised 
have lacked potency and/or have been capable of inhibiting more than one 
type of PDE isoenzyme in a non-selective manner. Lack of a selective 
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action has been a particular problem given the widespread role of cAMP in 
vivo and what is needed are potent selective PDE IV inhibitors with an 
inhibitory action against PDE IV and little or no action against other PDE 
isoenzymes. 



We have now found a novel series of tri-substituted phenyl derivatives, 
members of which, compared to known structurally similar compounds, 
are potent inhibitors of PDE IV at concentrations at which they have little 
or no inhibitory action on other PDE isoenzymes. These compounds 

10 inhibit the isolated PDE IV enzyme and also elevate cAMP in isolated 
leukocytes. Certain compounds prevent inflammation In the lungs or 
pleural cavity induced by carrageenan, platelet-activating factor (PAF), 
interleukin-5 (IL-5) or antigen challenge. These compounds also suppress 
^ ■ the hyperresponsiveness of airway smooth muscle seen in inflamed lungs. 

15 Advantageously, compounds according to the invention have good oral 
activity and at orally effective doses exhibit little or none of the side-effects 
associated with known PDE IV inhibitors, such as rolipram. The 
compounds of the invention are therefore of use in medicine, especially in 
the prophylaxis and treatment of asthma. ( 



Thus according to one aspect of the invention, we provide a compound of 
formula (1) 



25 wherein 

Y is a halogen atom or a group -OR 1 - where R 1 is an optionally substituted 
alkyl group; 

X is -0-, -S-, or -N(R 7 )-, where R 7 is a hydrogen atom or an alkyl group; 
R 2 is an optionally substituted cycloalkyl or cycloalkenyl group; 
30 R 3 and R 4 , which may be the same or different, is each a hydrogen atom 
or an optionally substituted alkyl, -CO2R 8 (where R 8 is a hydrogen atom or 
an optionally substituted alkyl, aryl or aralkyl group), -CONR 9 R 10 (where 
R 9 and R 10 which may be the same or different is as described for R 8 ) ( 
/ CSNR 9 R 10 , -CN. or -CH 2 CN group; 



?0 




(1) 
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Z is -<CH 2 )n- where n is zero o, an HW> * „ y 
B s is an optionaily ^ " 

containing one or more heteroaiom 
nitrogen atoms; 

. be appreciated that *. * 
m0 ,e chira, centres, depending o e U S ^.^^ ^ 
and Z. Where one or n,o, *-^» ^ unl)etslood lo exle nd 
diasiereomers may ex. . and ^ h . ^ , nc , ud|ng 

to all such enantiomers. oiastereom«. 
racemates. 

individual group or part ol a large gro p. 
oossible, a straight or branched alkyl group. 

, n lhe compounds o, tormula V, wnen Y is a halogen atom I, ma, be lo, 
0 "mU a «uorine, chlorine, hromine or iodrne atom. 

whe n Y in the compounds o, ^^^^ 
example, an optionally Stents which may be 

chlorine atoms. 

. , ..io m \ iq a -N(R 7 )- gW il ma y be 3 * NH " 

30 grouo such as a methyl or ethyl group. 

men R2 in the compounds ol iorrnu ia 0, is 

cycloalky , „ ^ or a 0,o 
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yl or 3,5-cyclohexadien-l-yi group, each cycloalkyl or cycloaikenyl group 
being optionally substituted by one. two or three substituents selected 
from halogen atoms, e.g. fluorine, chlorine, bromine or iodine atoms, 
straight or branched C,. 6 alkyl e.g. C,. 3 alkyl such as methyl or ethyl, 
5 hydroxyl or C ,. G alkoxy e.g. Ci- 3 alkoxy such as methoxy or ethoxy groups. 

Alkyl groups represented by R 3 and R" in compounds ol formula (I) 
include Ci- 6 alkyl groups, for example C1.3 alkyl groups, such as methyl, 
ethyl, n-propyl or i-propyl groups. Optional substiluenls which may be 
■10 present on R3 or R< include one or more halogen atoms, e.g. fluorine, 
chlorine, bromine or iodine atoms, or hydroxyl or Ci- 6 alkoxy e.g. Ci- 
3 alkoxy such as methoxy or ethoxy groups, or thiol or d-ealkylthio e.g. Ci- 
3 alkylthio such as methylthio or ethylthio groups. 

15 Particular examples of R 3 or R 4 alkyl groups include -CH 3 . -CH2CH3. 
-CH2OH. -CH2CI. -CH 2 F. -CHCIz. -CHF 2 and-CH 2 OCH 3 groups. 

When R 3 and/or R4 is a -C0 2 RB. -CONR 9 R™ or CSNR 9 R 10 group it may 
be for example a -C0 2 H. -CONH 2 , or -CSNH 2 group, or a group -C0 2 R8. 

20 -CONR 9 R 10 . -CSNR 9 R 10 -CONUR™ 0 r -CSNHR 10 wherein R«. R 9 and 
Rio where present is a C1.3 alkyl group such as a methyl or ethyl group, a 
C 6 12 aryl group, for example an optionally substituted phenyl, or a 1- or 2- 
naphthyl group, or a C 6 .,2 aryl C1-3 alkyl group such as an optionally 
substituted benzyl or phenethyl group. Optional substituents which may 

25 be present on these groups include R" substituents discussed below in 
relation to the group R 5 - 

In the compounds of formula (1) Z may represent a bond connecting the 
group R 5 to the rest of the molecule, or represents a group -CH 2 -, -(CH 2 ) 2 - 
30 or (CH 2 ) 3 -. 

Monocyclic or bicyclic aryl groups represented by the group R 5 in 
compounds of formula (1) include for example C 6 . 12 optionally substituted 
aryl groups, for example optionally substituted phenyl. 1-or 2-naphthyl. 
35 indenyl or isoindenyi groups. 
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When the monocyclic or bicyclic aryl group contains one or more 
heteroatoms it may be a C,.g, lor example a C3-9. optionally substituted 
heteroaryl group containing for example one, two, three or more 
heteroatoms selected Irom oxygen,, sulphur or nitrogen atoms. In general. 
5 heteroaryl groups may be ior example monocyclic or bicyclic heteroaryl 
groups. Monocyclic neteroaryl groups include for example five- or six- 
rnembered heteroaryl groups containing one. two, three or four 
heteroatoms selected irom oxygen, sulphur or nitrogen atoms. 

10 Examples of heteroaryl groups represented by Ar include pyrrolyl. fury I. 
thienyl, imidazolyl, N-methylimidazolyl, N-elhyllmidazolyl. oxazolyl, 
isoxazolyl, thiazolyl. isothiazolyl. pyrazolyl, 1 ,2,3-triazolyl. 1.2.4-triazolyt. 
1.2,3-oxadiazolyl. 1 .2,4-oxadiazolyl. 1 .2,5-oxadiazolyl. 1,3,4-oxadiazolyl. 
pyridyl, pyrimidinyl. pyridazinyi. pyrazinyl, 1.3.5-triazinyl. 1,2,4-triazinyl. 
1,2,3-triazinyl, benzoiuryl. isobenzoiuryl. benzothienyl, isobenzothienyl, 
indolyl. isoindolyl. benzimidazolyl, benzothiazolyl, benzoxazolyl. 
quinazolinyl, naphthyridinyl, pyridol3,4-b]pyridyl, pyrido[3,2-b]pyridyl. 
pyrido{4,3-b]pyridyl, quinolinyl. isoquinolinyl, tetrazolyl, 5.6,7,8-tetra- 
hydroquinolinyl and 5.6,7,8-tetrahydroisoquinolinyl. 



15 



20 



The heteroaryl group represented by R* may be attached to the remainder 
of the molecule of formula (1) through any ring carbon or heteroatom as 
appropriate. Thus, for examDie. when the group Ar is a pyridyl group it 
may be a 2-pyridyl. 3-pyridyl or 4-pyridyl group. When it is a thienyl group 
25 it may be a 2-thienyi or 3-thienyl group, and. similarly, when it is a furyl 
group it may be a 2-furyl or 3-furyl group. 

When in compounds of formula (1) the heteroaryl group is a nitrogen- 
containing heterocycle it may be possible to form quaternary salts, for 
30 example N-alkyl quaternary salts and the invention is to be understood to 
extend to such salts. Thus for example when the group Ar is a pyridyl 
group, pyridinium salts may be formed, for example N-alkylpyridinium salts 
such as N-methyipyridinium. 

35 The arvl or heteroaryl groups represented by R5 in compounas of formula 
(1) mav each optionally be substituted by one. iwo. three or more 
substituents |R"). The subslituent R" may be selected from an atom or 
arouoR" or -AlkMR 12 )m wherein R 12 is a halogen atom, or an amino 
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( -NH 2 ). substituteo amino, nilro. cyano, hydroxyl (-OH). substituted 
hydroxyl. cycloalkoxy. forrnyl [HC(O)-], carboxyl (-C0 2 H), esterif.ed 
carboxyl. thiol (-SH), substituted thiol, -C(0)R°a [wh ere R8a is as defined 
above for R*]. -S0 3 H, -30 2 R°a. -S0 2 N(R°a)(R9a), (wher e R*a ,s as 
5 described above for R»a and may be the same as or different to R»a . 
-CON(R0a)(R9a), .NHS0 2 R"». -N(S0 2 R aa ]2, -NHS0 2 N(RB")(Rn 
-NHC(0)R Sa or -NHC(0)OR8» gr0 up; ABO is a straight or branched Ci- 
ealkylene, C 2 - 6 alkenyiene, or C 2 . 6 alkynylen e chain optionally interrupted 
. by one, two, or three -0-. or -S- atoms or -S(0)p-. [where p is an integer 1 
or 2] or -N(R 7 )- groups; and m is zero or an integer 1, 2 or 3. 

When in the group -Alk 1 (R 12 )m m is an integer 1, 2 or 3, it is to be 
understood that the substituent or substituents R« may be present on any 
suitable carbon atom in -AllO. Where more than one R« substitutent is 
present these may be the same or different and may be present on the 
same or different carbon atom in ABO. Clearly, when m is zero and no 
substituent R« is present the alkylene. alkenylene or alkynylene chain 
represented by AilO becomes an alkyl. alkenyl or alkynyl group. 

> 

When R« is a substituted amino group it may be a group -NHlA*Un«)ml 
(where AIM and m are as defined above and Ri3a is as defined above for 
R12 but is not a substituted amino, a substituted hydroxyl or a substituted 
thiol group] or a group -N[Alki(Ri3)m] 2 wherein each -AlkMR^m group is 
the same or different. 

When R12 is a halogen atom it may be for example a fluorine, chlorine, 
bromine, or iodine atom. 

When R« is a cycloalkoxy group it may be for example a C 5 . 7 cycloalkoxy 
30 group such as a cyclopentyloxy or cyclohexyloxy group. 

When R12 is a substituted hvdroxyl or substituted thiol group it may be a 
group -OAIki(R«)m or -SAIlO(R 13 )m respectively, where Alk\ R« and m 
are as just defined. 

Esterified carboxvi groups represented by the group R« include groups ol 
formula -C0 2 Alk2 whe rein Alk2 is a straight or branched, optionally 
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substituted C,,a,ky, group sue, as a ^ « 

butyl l-bulyl. s-buiyl of l-bulyl group; a C6., 2 atylCi.8alkyl gro ? 

ssssasssrssgSji 

include R 11 substilueras described above. 

When MO is present in or as a substiluen. R» it may be lor example a 
: Xne. n-propyiene. i-propyiene. J 

buly ,en e , t-butylene. ethenytene 2-propen e ^ * ^ ^ 
butenylene. ethynylene. 2-propynylene. ^™ ° ^ 
chain, optionally in.efrupted by one. t«o. or three -O- of . 
-S(O)-. -S(0) 2 - or -N(R 7 )- groups. 

1 Mrneonio ri hv H 11 include fluorine, 

Particularly uselu, atoms or groups represent - * « _ 

chlorine, bromine or iodine atoms. Of ChM-IM. m J 

6 a,ky,am,no. e.g. methylarnlno of e.^ = ^JS^S^I. 

hydroxymethyl of Mroxyemy! C, 6 alKyl^ol e*m y 
- r..att<oxv eg methoxy or elhoxy, C 5 -7cycloalKoxy, e.g. w>- h • 
' haloC e X .* .rilluoromethyl. Cealkylamino. e.g. methylam,™ o 

=mvlalTno amino ,.NH 2 ). aminoCealkyl. e.g. aminomethyl or aminoethyl. 

C ra Kylamino. e.g. dimethylamino or diethylamlno. ni.ro, cyano. 

Ci-6aiaiKyiammu. c,y ^ > , rn u\ POoAlk2 [where Ak 2 is 

hydroxy, ,-OH, .ofmy, « 

■ methyl uLonyl. aminosulphonyl (,S0 2 NH 2 ). C^alkylamtnosulphonyl. 

pmvlalosulphonvl or ethvlaminosuiphonyl. Cedtalkylammo- 
e.g. methylammosulp nonyt • dlelhv |aminosulphonyl. 

sutphonyl. e.g. *™W*™Z *2wd phenylaminosulphonyl. 
» aryiaminosulphonvt. e.g. op "°" a " J^i.uted benzytaminosulphonyl. 
aralKylaminosulphony. e. P— methylam)no . 

^S^JS^ C,ed,a,k y ,am,noca,bony,. e.g. dimethyl- 
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aminocarbonyl or diethylaminocarbonyl, sulphonylamino (-NHS02H), 
Ci. 6 alkylsulphonylamino f e.g. methylsulphonylamino or ethylsulphonyl- 
amino, Ci-edialkylsulphonylamino, e.g. dimethylsulphonylamino or diethyl- 
sulphonylamino, aminosulphonylamino (-NHSO2NH2), Ci.6alkylamino- 

5 sulphonylamino, e.g. methylaminosulphonylamino or ethylamino- 
sulphonylamino, Ct-Gdialkylaminosulphonylarnino, e.g. dimethylamino- 
sulphonylamino or diethylaminosulphonylamino, Ci-oalkanoylamino, e.g. 
acetylamino, Ci.6alkanoylamino Ci-ealkyi, e.g. acetylaminomethyl or 
Ci.6alkoxycarbonylarnino, e.g. methoxycarbonylamino, ethoxycarbonyl- 

1 0 amino or t-butoxycarbonylamino groups. 

Where desired, two R 11 substituents may be linked together to form a 
cyclic group such as a cyclic ether, e.g. a C2-6alkylenedioxy group such as 
ethylenedioxy. 

15 

It will be appreciated that where two or more R 11 substituents are present, 
these need not necessarily be the same atoms and/or groups. The R 11 
substituents may be present at any ring carbon atom away from that 
attached to the rest of the molecule of formula (1). Thus, for example, in 
20 phenyl groups represented by R 5 any substituent may be present at the 2-, 
3- ( 4-, 5- or 6- positions relative to the ring carbon atom attached to the 
remainder of the molecule. 

In the compounds of formula (1), when an ester group is present, for 
25 example a group -CC>2Alk 2 this may advantageously be a metabolically 
labile ester. 

The presence of certain substituents in the compounds of formula (1) may 
enable salts of the compounds to be formed. Suitable salts include 
30 pharmaceutical^ acceptable salts, for example acid addition salts derived 
from inorganic or organic acids, and salts derived from inorganic and 
organic bases. 

Acid addition salts include hydrochlorides, hydrobromides, hydroiodides, 
35 alkylsulphonates, e.g. methanesulphonates, ethanesulphonates, or 
isethionates, arylsulphonates, e.g. p-toluenesulphonates, besylates or 
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aminocarbonyl or diethylaminocarbonyl. sulphonylamino (-NHS02H), 
Ci- 6 alkylsulphonyiamino ? e.g. methylsulphonylamino or ethylsulphonyl- 
amino, Ci^dialkylsulphonylamino, e.g. dimethylsulphonylamino or diethyl- 
sulphonylamino, aminosulphonylamino (-NHSO2NH2), Ci.ealkylamino- 

5 sulphonylamino, e.g. methylaminosulphonylamino or ethylarnino- 
sulphonylamino, Ci-Gdialkylaminosulphonylarnino, e.g. dimethyiamino- 
sulphonylamino or diethylaminosulphonylamino, Ci-oalkanoylamino, e.g. 
acetylamino, Ci-6alkanoylamino Ci-ealkyl, e.g. acetylaminomethyl or 
Ci- 6 alkoxycarbonylarnino, e.g. methoxycarbonylamino, ethoxycarbonyl- 

1 0 amino or t-butoxycarbonylamino groups. 

Where desired, two R 11 substituents may be linked together to form a 
cyclic group such as a cyclic ether, e.g. a C2-6alkylenedioxy group such as 
ethylenedioxy, 

15 

It will be appreciated that where two or more R 11 substituents are present, 
these need not necessarily be the same atoms and/or groups. The R 11 
substituents may be present at any ring carbon atom away from that 
attached to the rest of the molecule of formula (1). Thus, for example, in 
20 phenyl groups represented by R 5 any substituent may be present at the 2-, 
3-, 4-, 5- or 6- positions relative to the ring carbon atom attached to the 
remainder of the molecule. 

In the compounds of formula (1), when an ester group is present, for 
25 example a group -CC>2Alk 2 this may advantageously be a metabolically 
labile ester. 

The presence of certain substituents in the compounds of formula (1) may 
enable salts of the compounds to be formed. Suitable salts include 
30 pharmaceutical^ acceptable salts, for example acid addition salts derived 
from inorganic or organic acids, and salts derived from inorganic and 
organic bases. 

Acid addition salts include hydrochlorides, hydrobromides, hydroiodides, 
35 alkylsulphonates, e.g. methanesulphonates, ethanesulphonates, or 
isethionates, arylsulphonates. e.g. p-toluenesulphonates, besylates or 



t 



rCT/GB94/0(M53 

\VO $4/20446 

9 

u . ,„c sulohales hydrogen sulphates, acetates, 
■ • napsylates. phosphates, sulphates, nyu a m -i nn aiP5 

riiraies maleales. lumatales, malonaies. 
irilluoroacelates. propionates, curates. nu»<s» 

succinates, lactates, oxalates, tartrates and benzoates. 

« Salts derived Irom inorganic or organic bases include alkal. metal salts 
" !ucl a! sodium or potassium salts, alkaline earth meta, salts sue as 

magnesium or calcium salts, and organic amine salts such as morphohne. 

piperidine. dimethylamine or dielhylamme sails. 

,0 Prodrugs ol compounds ol lormula 0) Include those compounds, lor 
sample es,ers. alcohols or aminos, which are convene by 
metabolic means, e.g. by hydrolysis, reduction, oxtdahon or 
Iransesterilicalion. to compounds ol formula (1 ). 

,5 Particularly use.ul sa,ts ol compounds according to the invention indude 
pharmaceutical acceptable salts, especially acd addition 
pharmaceulically acceplable salts. 

* in the compounds ol lormula (1). the group Y is prelerably an -OR' group. 
20 especially where R 1 is an optionally substituted ethyl group or, es c all . 
an opttnallv substituted methyl group. Especially useiu, subsets 
w^ich may be present on R. groups include one. wo or three Huonne or 

chlorine aioms. 

25 The group X in compounds of formula (1) is preferably -0-. 

A particularly useful group of compounds of formula (1) has the formula 
(2): 




30 



CH 3 Ov 

^{R-KFncHiR-Kzrn (2) 
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where R2 is an optionally substituted cycloalkyl group; R 3 ,R 4 . R 5 . R 6 and 
Z are as defined for formula (1); and the salts, solvates, hydrates and N- 
oxides thereof. 

In the compounds ol formulae (1) and (2) R2 is preferably an optionally 
substituted cyclopentyl group. In particular, R 2 is a cyclopentyl group. 

The group R 3 in compounds of formulae (1) or (2) is preferably a hydrogen 
atom or a C1.3 alkyl group, particularly a methyl group. 

In compounds of formulae (1) or (2) the group R* is preferably a hydrogen 
15 atom or a -CM or optionally substituted C1-3 alkyl, especially a -CH 3 
group. 

Z in the compounds of formulae (1) or (2) is preferably -(CH 2 ) n - where n is 
zero, 1 or 2. In particular, however, Z is especially -(CH2)n* where n is 
20 zero. 

R5 in the compounds of formulae (1) or (2) is preferably an optionally 
substituted phenyl group, particularly a phenyl group optionally substituted 
by one. two or more R 1 1 groups, and is especially a 2- or 3- 
; 25 monosubstituted or 2.6-disubstituted phenyl group. Particular substituents 
include halogen atoms, especially fluorine or chlorine atoms, and nilro, 
amino, alkoxy. haloalkyl. hydroxy. -NHCOR 83, -NHCONHR 83 and 
-NHS02R 83 groups. 

30 Particular R 5 groups include 2-nitrophenyl, 2-aminophenyl 2-haloalkyl- 
phenyl, e.g. 2-trilluoroalkylphenyl, 2-halophenyl, e.g. 2-fluorophenyl, 2- 
chlorophenyl, or 2-bromophenyl, 3-halophenyl, e.g. 3-lluorophenyl. 2,6- 
dihalophenyl, e.g. 2,6-difluorophenyl, or 2,6-dichlorophenyl. and 2, 6- 
dialkoxyphenyl, e.g. 2. 6-dimethoxyphenyl. 



35 



Other particularly useful R 5 groups in compounds of formulae (1) and (2) 
include 2-.3- and 4-pyridinyl, thienyl. e.g. 2-thienyl or pyrimldinyl. 
especially 2-pyrimidinyl. croups, optionally substituted by one, two or more 
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R11 gr0UP s. esoeciai.y Mogen atoms, e.g^onne or — aloms. 
nitro. amino, alkoxy, haloalkyl, hydroxy, -NHCOR . NHUUN 
-NHS02R 83 groups. 

5 Particularly useful groups ol compounds ol formulae (1) or (2) are those 
' ei,, R3 is a hydrogen alom or a methyl group. * is 

or a -CN or -CH 3 group and Z is a bond, and (he salts, solvents, hydrates 
'„d Noxides thereof Especially uselul compounds in groups ol Ihese 
VD es a e hos therein R* is an optionally substituted phenyl, py.imidlny, 
, yP es are those Parlicu ,a,ly uselul pyridyl groups ol 

'° L'e type-re a.S-d^itutedlpyrid, and ,monosubs,i,u,ed -4- 
pyridyl. 

' «= in compounds oi Icrmula (1) or (2) is preierably a hydrogen atom. 
1 5 Particularly uselul compounds according to the invention are: 

Vl2-(3-Cyclopentyloxy-4-mell toxyphei .yl)ethyl|pyridine; 

a-Amino-W^^ , 
20 N-W2 (3^c,open,y,oxy.4.me l hoxy P h^ 

■ \ I lcycloLyloxy-4.m 9 thoxyphenyl)etl.yl))-3-isobu.ylamK ) opy. l d^. 

3 r .Benzamido-4.|2.(3-cyclo P entyloxy-4HT,e.hoxyphen y i)eth y l]pyridlne : 
and the salts, solvates, hydrates and N-oxides .hereof. 

-o impounds according to the invention are selective and potent orally 

hereinafter. 

„ ~"z^r~- 
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o, alimentary smoolh muscle spasm, is present and where the elevation 
ol cAMP levels may be expected .o p-even. or alleviate the ,nllammat,on 

and relax muscle. 

Particular uses to which the compounds ol the invention may be put 
include the prophylaxis and treatment of asthma, especially inllamed lung 
associated with asthma, cystic fibrosis, or in the treatment of inflammatory 
airway disease, chronic bronchitis, eosinophil granuloma, psorlas.s and 
other benign and malignant proliferative skin diseases, endotox.c shock 
septic shock, ulcerative colitis. Crohn's disease, reperfusion injury of the 
myocardium and.brain. inflammatory arthritis, chronic glome rulonephn «. 
atopic dermatitis, urticaria, adult respiratory distress syndrome d.abe es 
insipidus, anergic rhinitis, allergic conjunctivitis, vernal conjundMbs. 
arterial restenosis and artherosclerosis. 

Compounds of the invention also suppress neurogenic inflammation 
fh ough elevation of cAMP in sensory neurones. They are. there o 
analgesic, anti-tussive and anti-hypera.gesic in inflammatory d.seases 
associated with irritation and pain. 

Compounds according to .he invention may also elevate cAMP In 
lymphocytes and .hereby suppress unwanted lymphocy e activation rn 
Immune-based diseases such as rheuma.oid arthritis, ankylosing 
spondylitis, transplant rejection and gralt versus host disease. 

Compounds according to the invention have also been lound to reduce 
gastric acid secretion and Iherelore can be used .o .real cond,.lons 
associated with hypersecretion. 

30 Compounds ol the mention suppress cytokine syndesis by Inflammatory 
ceZ response to immune or inlectious stimulation. They are. therefor* 
si in .he .reatmen, ol bacteria,, .unga, or vira, 
seotic shock in v«hich cvlokines such as tumour necrosrs factor (TNF) are 
media rs. Also compounds of ,he inven.ion suppress inflammation 
35 and pyrexia due ,o cytokines and are. therefore, useful in .he ,rea,men. o 
rlration and cy.okine-mediated chronic tissue degenerauon whrch 
occurs in diseases sucn as rheumatoid or os.eo-arlhnt,s. 
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Over-production of cytokines such as TNF in bacterial, fungal or viral 
infections or in diseases such as cancer, leads to cachexia and muscle 
wasting. Compounds of the invention ameliorate these symptoms with a 
consequent enhancement ol quality of life. 

5 Compounds of the invention also elevate cAMP in certain areas of the 
brain and thereby counteract deoression and memory impairment. 

• Compounds of the .invention suppress cell proliferation in certain tumour 
cells and can be used, therefore, to prevent tumour growth and invas.on of 
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normal tissues. 
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For the prophylaxis or treatment of disease the compounds accord.ng to 
the invention may be administered as pharmaceutical compositions, and 
according to a further aspect of the invention we provide a pharmaceutical 
composition which comprises a compound of formula (1) logelher with one 
or^more pharmaceutical* acceptable carriers, excipients or d.luents. 

Pharmaceutical compositions according to the invention may take a form 
20 suitable for oral, buccal, parenteral, nasal, topical or rectal administration, 
or a form suitable for administration by inhalation or insufflation. Forms 
suitable for oral administration are particularly useful. 

c or oral administration, the pharmaceutical compositions may take the 
25 form of. for example, tablets, lozenges or capsules prepared by 
conventional means with pnarmaceutically acceptable excipients such as 
binding agents (e.g. pregeiatinised maize starch, polyvinylpyrrolidone or 
hydroxypropyl methylcellulose); fillers (e.g. lactose, microcrystallme 
cellulose or calcium hydrogen 'phosphate); lubricants (e.g. magnes.um 
30 stearate. talc or silica); disintegrants (e.g. potato starch or sodium 
giycollate); or wetting agents (e.g. sodium lauryi sulphale). The tablets 
r ay be coated bv methods well known in the art. Liquid preparations for 
oral administration may take the form of. for example, solutions, syrups or 
suspensions, or they may oe oresented as a dry product for const.tut.on 
with water or other suitable vehicle before use. Such liquid prepara tons 
mav be prepared by conventions means with pharmaceutical* acceptable 
additives such as suspending agents, emulsifying agents, non-aqueous. 
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vehicles and preservatives. The preparations may also contain buller 
salts, flavouring, colouring and sweetening agents as appropriate. 

Preparations for oral administration may be suitably formulated tor adult or 
5 pediatric use and/or to give controlled release of the active compound. 

For buccal administration the compositions may take the form of tablets or 
lozenges formulated in conventional manner. 

1.0 The compounds ol lormula (1) may be lormulated lor parenteral 
administration by injection e.g. by bolus injection or infusion. Formulations 
for injection may be presented in unit dosage form, e.g. In glass ampoule 
or multi dose containers, e.g. glass vials. The compositions for injection 
, may take such forms as suspensions, solutions or emulsions in oily or 
15 aqueous vehicles, and may contain lormulatory agents such as 
suspending, stabilising, preserving and/or dispersing agents. 
Alternatively, the active ingredient may be in powder form tor constitution 
with a suitable vehicle, e.g. sterile pyrogen-tree water, before use. 

20 In addition to the formulations described above, the compounds of formula 
(1) may also be formulated as a depot preparation. Such long acting 
formulations may be administered by implantation or by intramuscular 
injection. 

25 For nasal administration or administration by inhalation, the compounds 
for use according to the present invention are conveniently delivered In the 
form of an aerosol spray presentation tor pressurised packs or a nebuliser, 
with the use of suitable propellant. e.g. dichlorodifluoromethane, 
trichlorofluoromethane. dichlorotetrafluoroethane. carbon dioxide or other 

30 suitable gas or mixture of gases. 

The compositions may. if desired, be presented in a pack or dispenser 
device which may contain one or more unit dosage forms containing the 
active ingredient. The pack or dispensing device may be accompanied by 
35 instructions tor administration. 

The quantity of a compound of the invention required for the prophylaxis or 
treatment of a particular inflammatory condition will vary depending on the 



I 



WO 94/20446 



rCI/GU94/0045J 



compound chosen, and the condition of the patient to be treated. In 
general, however, daily dosages may range from around 100ng/kg to 
100mg/kg, e.g. around 0.01mg/kg to 40mg/kg body weight for oral or 
buccal administration, from around 10ng/kg to 50mg/kg body weight for 
5 oarenteral administration and around 0.05mg to around 1000mg e.g. 
around 0.5mg to around 1000mg for nasal administration or administration 
by inhalation or insufflation. 

The compounds according to the invention may be prepared by the 
10 following processes. The symbols Y. R*. FP, R 4 . R 5 . R 6 . R 7 and X. when 
used in the formulae below are to be understood to represent those 
groups described above in relation to formula (1) unless otherwise 
indicated. In the reactions described below it may be necessary to protect 
' reactive lunctionai groups, for example hydroxy, amino, thio. or carboxy 
15 groups, where these are desired in the final product, to avoid their 
unwanted participation in the reactions. Conventional protecting groups 
may be used in accordance with standard practice Isee, for example. 
Green. T. W. in "Protective Groups in Organic Synthesis" John Wiley and 
Sons, 1981.J It may be that deprotection will form the last step in the 
20 svnthesis of compounds of formula (1). Thus, in one example, compounds 
of formula (1) wherein R 4 and/or R5 contains a carboxylic acid group may 
oe prepared by deorotecting the corresponding compound wherein R 4 
and/or R5 contains a protected carboxyl grqup, such as an oxazolinyl 
grouo. e.g. 4.4-dimethyl-2-oxazolinyl, in the presence of a base, e.g. 
25 sodium hydroxide, in an acid solvent e.g. aqueous hydrochloric acid, at an 
elevated temperaiuiu. e.g. the reilux temperature. 

Thus according to a further aspect of the invention a compound of formula 
(1) wherein R 3 is as definea for formula (3) but is not a -CN or -CH 2 CN 
30 group and R 6 is a hydrogen atom may be prepared by hydrogenation of a 
compound of formula (.3): 
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using (or example hydrogen in the presence of a metal. 

' Suitable metals include for example platinum or palladium, optionally 
5 supported on an inert carrier such as carbon or calcium carbonate. The 
reaction may be performed in a suitable solvent, for example an alcohol 
such as ethanol or an ether such as tetrahydrofuran, optionally in the 
presence of a base, for example a tertiary organic base such as 
trielhylamine, at for example ambient temperature. 



"Intermediates of formula (3) may be prepared by dehydration of an alcohol 
of formula (4) 



using an acid at an elevated temperature. 

Suitable acids include for example phosphoric or sulphonic acids, e.g. 4- 
toluenesulphonic acid. The reaction may be performed in an inert organic 
20 solvent, for example a hydrocarbon such as tofuene, at an elevated 
temperature, for example the reflux temperature. 

It will be appreciated that alcohols of formula (4) are compounds of the 
invention in which the group R 6 is a hydrgxyl group. Thus according to a 
25 ;urther aspect of the invention, a compound of formula (1) wherein R 6 is a 
hydroxyl group and R 3 is as defined for formula (1) but is not a -CN or 
-CH2CN group may be prepared by reaction of a ketone or aldehyde of 
formula (5) 




C(R 3 )(OH)CH(R 4 )(ZR 5 ) 



(4) 



1 
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with an organometallic reagent R«R5 Z CHM [where M is a metal atom lor 
example a lithium atom] in a so.vent such as an ether, e.g. a cycl, ether 
such as tetrahydrofuran. at a low temperature e.g. around -70 C to 
ambient temperature. 

Reaoents R<R5ZCHM are either known compounds or may be prepared 
oreferab.y iaiUlU during the above process, by reaction of a compound 
AlkCH 2 M or lAlkfeNM Iwhere Alk is an alkyl group such as a n-propy or 
propyl QroM with a compound R<R*ZCH 2 using the just mentioned 

reaction conditions. 

In.ermedia.es cl lormula (S) may be prepared by alky.aUon ol a 

corresponding compouna of lormula (6) 



20 



25 



X-H 




R 3 



O (6) 

using a compound R 2 Hal Iwhere Ha. is a halogen atom such as a bromine 
or chlorine atom] where necessary in the presence of a oase ^such a 
caesium or potassium carbonate or an a.koxide sucn as ^ ^ 
butoxide. in a dip.oar aprotfc so.vent such as an am.de. e.g. a subsUtuted 
amide such as dimethy.formamide at ambient temoerature or above e.g. 
around 40°C to 50°C. 

intermediates ol formula .5) are either known compounds or may be 
PrerTed «n>m known starring materia.s by methoos analogous to those 
used for the prepartion of Ihe known confounds. 
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According to a still further aspect ol the invention a compound ol formula 
(1) wherein R<* is a hydrogen atom may be prepared by alkylat.on of a 
compound of formula (7) 




C(H)(R 3 )C(R 4 )(ZR 5 ) ( 7) 



with a halide R 2 Hal. or with an alcohol R 2 OH. 

1 0 The alkylation with the halide R 2 Hal may be periormed using the reagents 
and conditions described above for the preparation of compounds of 
lormula (6). Alkvlation using an alcohol R 2 OH may be performed in the 
presence ol a phosphine. such as triphenylphosphine, and an activator, for 
example diethyl azodicarboxylate. in the presence ol an organic base such 

15 a's trielhylamine in a solvent such as tetrahydroluran at an elevated 
temperature, e.g. the reflux temperature [see for example Milsunobu. O.. 
Synthesis . 1981. 11. 

intermediates of formula (7) may be prepared by reaction ol an aldehyde 
20 or ketone of formula (6) with a compound R5ZCH 2 R4 in the presence of a 
base or an acid in a suitable solvent. 

Bases for use in this reaction include inorganic bases, for example alkali 

and alkaline earth metal bases, e.g. hydroxides, such as sodium or 
25 potassium hydroxide: alkoxides. for example sodium ethoxide. and organic 
: " bases, for example amines such as piperidine. Suitable solvents include 

alcohols such as ethanol. Acids for use in the reaction include organic 

acids, e.g. carboxylic acids such as acetic acid. 



30 



The reaction may be periormed at any suitable temperature, for example 
from around amoient temperature to the reflux temperature depending on 
the nature ol the staning materials. 
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In general, the base. acid, solvent and reaction conditions may be 
selected depending on the nature or the starting materials, from a range of 
known alternatives tor reactions of this type. 

5 In this reaction the group X-H may need to be in a protected state. 
Conventional hydroxy, amino or thiol protecting groups may be used in 
accordance with standard practice (see. for example, Green T. W.. in 
"Protective Groups in Organic Synthesis" John Wiley and Sons, 1981]. 

10 Where an intermediate of formula (7) in which R3 is a -CN or -CH 2 CN 
group is required this may be prepared by interconversion of a 
corresponding compound in which R3 is -CONH 2 or -CH 2 CONH 2 as 
discussed below in relation to compounds of formula (1). Intermediates 
R5ZCH 2 R 4 are either Known compounds or may be prepared from known 

i 5 starting materials by methods analogous to those used for the preparation 
of the known compounds. 

Compounds of formula (1) may also be prepared by interconversion of 
other compounds of formula (1). Thus, for example.a substituted 

20 "monocyclic or bicyclic aryl group R 5 in compounds of formula (1) may be 
generally obtained by an appropriate substitution reaction using the 
corresponding unsubstituted compound of formula (1) and a R 12 
containing nucleophile or electrophile. In another general process, a 
group R 3 and/or R" in formula (1) may be manipulated using conventional 

25 chemical procedures to yield other groups R 3 and/or R 4 . 

Thus in one example of an interconversion process a compound of 
formula (1) wherein RS contains a -CH 2 NH 2 substituent may be prepared 
by reduction of a corresponding compound wherein R 5 contains^ nitrile 
30 group, using for example a complex metal hydride such as lithium 
aluminium hydride in a solvent such as an ether e.g. diethylether. 

In a further example, a compound of formula (1) wherein R 5 contains a 
-MHCOR 0a . -NHCONHR 83 . -NHCON(R8a) 2 . -NHQSR 88 or alkanoyl- 
aminoalkvl substituent mav be oreparea by acylation or thiolation of a 
corresponding compound wherein R* contains a -NH 2 or alkylamino group 
by reaction with an acyl halide e.g. an acyl chloride, an alkyl or aryl 
icocyanate. or a thiol halide in the presence of a base, such as a tertiary 
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amine e.g. triethyiamine or pyridine, optionally in a solvent such as 
dichloromethane. 

in a still further example, a compound of formula (1) wherein Rs contains 
5 an alkoxy substituent may be prepared by alkylation of a corresponding 
compound wherein R5 contains a hydroxyl group by reaction with a 
compound AlkHal [where Alk is a d- 6 alkyl group such as a methyl or 
ethyl group and Hal is a halogen atom such as an iodine atom] in the 
presence of a base such as caesium or potassium carbonate in a dipolar 
aprotic solvent such as an amide, e.g. dimelhylformamide at ambient 
temperature or above. 
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In another example a compound of formula (1) wherein R3 and/or R4 is a 
-CN or -CH 2 CN group may be prepared by dehydration of a corresponding 
amide where R3 and/or R4 is -CONH 2 or -CH 2 CONH 2 using for example 
trifluoroacetic anhydride in the presence of a base such as pyridine in a 
solvent such as tetrahydrofuran. 

N-oxides of compounds of formula (1) may be prepared by oxidation of the 
20 corresponding nitrogen base using an oxidising agent such as hydrogen 
peroxide in the presence of an acid such as acetic acid, at an elevated 
temperature, for example around 70°C to 80°C. 

Salts of compounds of formula (1) may be prepared by reaction of a 
25 compound of formula (1) with an appropriate acid or base in a suitable 
solvent using conventional procedures. 

Where it is desired to obtain a particular enantiorner of a compound of 
formula (1) this may be produced from a corresponding mixture of 
enantiomers using any suitable conventional procedure for resolving 
enantiomers. Thus for example diastereomeric derivatives, e.g. salts, may 
be produced by reaction of the mixture of enantiomers of formula (1) and 
an appropriate chiral compound e.g. a chiral acid or base. The 
diastereomers may then be separated by any convenient means for 
example by crystallisation and the desired enantiorner recovered, e.g. by 
treatment with an acid or base in the instance where the diastereomer is a 
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sall ,n another resolution process'a racemale ol formula (1) may be 
separated using chiral High Perlormance Liquid Chromatography- 
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The following examples illustrate the invention. 

The iollowing abbreviations are used: 

DMF dimethyltormamide 

THF tetrahydroluran 

DME dimethoxyethane 

EtOAc ethyl acetate 

Et 2 0 diethylether 
RT room temperature 

LDA lithium diisopropylamide 
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^TFR|U1F_DIATE 1 

^-^^ to a m,x ture ' o«W W 

4-metfioxybenza.dehyde (100g. 0.66mo«) and cyclopentyl brom.de (98g 
0 66mo,) in anhydrous DMF (50m.). The reaction mixture was sUrr d at 
RT tor 16h then treated with a further portion of cyc.openty. brormd (98g 
0 66mo.) and caesium carbonate (214b. 0.66mol). After a further 6h a 
RT the mixture was filtered and concentrated Juku* The res.due was 
d -IsoL in d ich,orom e ,hane ,300m.) and washeOwith sodium ydrox.de 
solution (10%; 2x150ml). The organic layer was dried (MgSCU). 
LtenUed « and dis,,d (IBOOC. 

c _ mBsm (1300) as a viscous colourless oil. (Found: C_703a H, 7 48. 
Ci 3 H 16 03 requires C. 70.89: H. 7.32%); OH (CDCI3) 1.5-2.0 (8H. br m 
CUaW. 3.87 (3H. s. OMe), 4.80 (1H, br m. OChLCH 2 ). 6.90 (1H d. J 
8.7HZ. AraojM to OMe), 7.30-7.45 (2H. m. 2xArH ^ to OMe), and 
9.77 (1H. s. ArCHO). 

INTERMEDIATE 2 

3 s nirhlr r T"-' I - mplnvt P vr ' q ' me 

^—^^^5^0,. in THF pnu, was adde = 
, 0 a solu.ion ol LDA [pnwrt from diisoprooylarrane ( 9ml ^5-1 
and n-bu.ylli.hiun, (1.6M. 8.4ml. -.3.5mmol,| in THF ,25ml) a -70°C. Al.e 
,i„ 9 a. .his .empera.ure lor 5 min. iodome.hane (0.85ml. ,3.5 -ol, 
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was added and the reaction mixture stirred lor a further 1.5h at -70O C . 
Saturated sodium hydrogen carbonate solution (20ml) and 
dichloromethane (20ml) was added and the organic phase separated, 
dried (MgS0 4 ), and concentrated invacua, The residue was subjected to 
5 chromatography (Si0 2 ; Et 2 0-hexane.1 :3) to allord the title compound 
(1.16g) as a pale yellow solid. 5 H (CDCI3) 2.46 (3H. s. Me), and 8.36 (2H. 
s, pyridine id2. H.6>- 

INTERMEDIATE 3 
10 a) ( 7 )-3-(3-Cvcl 9ppnt yloxv-4->nethoXYnhPn Yl)-2-(2-PYrlqYlJ 

pro penenltrile 

2-Pyridylacetonitrile (1.23g. 1lmmol) and Intermediate 1 (2.20g. 10mmol) 
were dissolved in ethanol (3ml) and added to a solution ol sodium 
hydroxide (0.5g) in water (4.5ml). The reaction mixture was allowed to stir 
15 at RT lor 2h then partitioned between dichloromethane (20ml) and 
saturated sodium hydrogen carbonate solution (1 5ml). The organic layer 
' ' , was separated, dried (MgS0 4 ). and concentrated injacjiQ to. give the 
' crude product. Trituration ol the crude product with ethanol gave the lillfi 
g.nnpiwid (2.40g) as a yellow solid m.p. 82.5-83°C (Found: C 78.37; H. 
20 : 6 27- N. 8.46. C 20 H 2 oN 2 02 requires C. 74.98; H. 6.29; N. 8.74 /„); 5 H 
(CDCI3) 1.5-2.1 (8H. br m. (CtbW. 3-824(3H. s. OMe), 4.80 (1H. br m. 
OChlCHz). 6.84 (1 H. d. J. 8.6Hz. Arid fiiltiQ to OMe). 7.05-7.25 (1 H, m. 
pyridine Ms). (1H. dd. J 8.6. 1.95Hz. Arlicaia to OMe ). 7.6-7.75 (3H. m 
Artl adta to cyclopentyloxy+ pyridine tiaJii), 8.29 (1H. s, CU=CCN) and 
25 8.52 (1H. ca.d. 1 4.6 Hz. pyridine tie); m/Z 320 (M+. 15%). 252 (38). 251 
(100). 237 (5). 236 (10). 209 (5). 179 (5). and 41 (8). 

b ) (7)-3. <3-Cvcl 9Pffpt vloxv-4 -n^HiQxvDhffnvl)-2-f3-PYrldYl) 
pro penenilrlle 

30 Prepared in a similar manner to Intermediate 3 a) using 3- 
pyridylacetonitrile (2.35ml. 22mmol) and Intermediate 1 (4.40g. 20mmol). 
Chromatography (Si0 2 ; EtOAc) gave the H»h cgmPQUnd (5.31 g) as a pale 
vellow solid m.p. 86.5-87.50 C (Found: C. 74.80; H. 6.26; N. 8.74. 
: C 20 H 20 N 2 O 2 requires C. 74.98: H. 6.29; N. 8.74%); 5 H (GDCI3) 1.5-2.1 

35 «8H. br m. (Ctbk). 3.87 (3H. s. OMe). 4.82 (1H. br m. OCliCH 2 ). 6.86 
MH d J. 8 6Hz. ArU Qtiho to OMe). 7.2-7.4 (2H. m. ArMCSia to OMe + 
pvridine""id3). 7.42 (1H. s. CH=CCN), 7.70 (1H. d. J 2.0Hz. Aril erJhfl to 
ciciopentvloxy). 7.87 (1H. dm. j 7.6Hz. pyridine IM4). 8.53 (1H. dd. J 4.8. 
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1 3Hz. pyridine M 6) and 8.84 (1H. d, J 2.4Hz. pyridine tb); mfc 320 (M+. 
20%). 252 (100). 251 (67). 234 (20). 223 (27). 205 (27). 151 (50). 59 (22). 
and 41 (31). 

5 c; fZl-3-(3-CvcloDentvloxv-4-metlibYYPnpn Yl-2-(4-pYridYl) 
propenenitrile 

Prepared in a similar manner to Intermediate 3 c) using 4- 
pyridylacetonitriie (1.7g. 11mmol) and Intermediate 1 (2.20g. 20mmol). 
Trituration of the crude product with ethanol gave the title compound 
10 (2.75g) as an orange solid m.p. 125-1270C. (Found: C. 74.84; H. 6.29; N. 
8.33. C20H20N2O2 requires C. 74.98; H. 6.29; N. 8.74%); 5 H (CDCI3) 1.5- 
2.1 (8H; br m, (C\±U), 3.84 (3H. s, OMe). 4.83 (1H. br m. OCHCH 2 ), 6.83 
(iH.d.J 8.2Hz. ArHortho to OMe). 7.26 (iH.dd, J 8.2. 2.2Hz. ArHpara 
' to OMe ). 7.44 (2H. dd. J 4.7. 1.7Hz pyridine kb.tis). 7.53 (1H. s. 
1 5 CH=CCN) 7 69 (1H. d. J 2.2Hz. ArH crlho to cyclopentyloxy), 8.56 (2H. 
dd. J 4.7.1.5 Hz. pyridine tb. H B ); ffl/l 320 (M+. 28). 253 (19). 252 (100). 
251 (59). 224 (15). 223 (38). 209 (10). and 41 (23). 

J) ( 7 )-3-(3-Cvctonentvloxv-4- »inttioxvDhenvl)-2-(2-naphthYl) 

20 propenenitrile 

From 2-naphthylacetonitrile (1.67g, lOmmol) and Intermediate 1 (2.2g. 
lOmmol). The crude product was recrystallised from ethanol to afford the 
titlo compound (3.1 4g) as a pale yellow solid, m.p. 147-1 48^0 (Found: C. 
81.15: H. 6.24: N. 3.5G. C25H23NO2 requires C. 81.27: H. 6.27: N. 
25 3.79%); 5H (CDCI3) 1.5-2.1 (8H. br m. (Ctbfc). 3.88 (3H. s. OMe). 4.87 
(1H. br m. OCHCH 2 ), 6.86 (1H. d. J 3.3Hz. ArH meta to OMe). and 7.2- 
3.1 (10H. m. 2xArH meta to OMe + CH=CCN + C 10 iH7): m/Z 370 (M+ + 1 . 
10%). 369 (M+. 40). 302 (23). 301 (100). 240 (20). 167 (12). 124 (38). and 
J1 (10). 
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1NTFRMEDIATE 4 

fF ).4.r2.(3-CYnioDentvloxv-4.metftoxvph flnvnethenvl1-3-nllropvrldlpe 
A mixture of Intermediate 1 (2.1 3g. 9.68mmol). 4-methyl-3.nitropyridine 
■ 2 47g. 17mmol). and ammonium acetate l.1.19g. 15mmol) in acetic ac.d 
-20ml) was heated to reflux for 3h. The reaction mixture was cooled and 
oartitioned between dichloromeihane (20ml) and saturated sod.u.n 
.-.vdrogen carbonate solution (2 x 10ml). The organic layer was separated, 
cried (MgSOa). and concentrated in vacuo. The residue was subjected to 
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chromatography (Si0 2 ; B 2 0-hexane. 1:1) to aflord the title compound 
(1.83g) as an orange solid m.p. 114-116°C. (Found: C, 56.94; H, 5.94; N, 
8.01. C 19 H 20 N 2 O3 requires C. 67.05; H. 5.92; N, 8.23%); 5 H (CDCI3) 1.5- 
2.1 (8H, br m, (ChkU). 3.86 (3H. s. OMe). 4.75 (1H. br m, OC]dCH 2 ) f 6.84 
5 (1 H. d, J 8.5Hz. ArH erme to OMe), 7.0-7.2 (2H, m. 2x Arji meja to OMe) 
7.30 (1H, s, CH=CH), 7.38 (1H. s. CH=Chl), 7.61 (1H, d, i 5.4 Hz, pyridine 
Us), 8.73. (1H, d , 1 5.4 Hz, pyridine lie), and 9.09 (1H, s, pyridine j±>); 
m/z 340 (M+, 15%) 308 (25), 240 (69), 226 (20). 225 (34), 152 (100), 151 
• (31). 149 (29), 121 (29). 68 (26). 67 (66). and 57 (22). 

10 

INTERMEDIATE 5 

a) fEM»r2>(3»Cvclouentvloxv.4.methox yphenvnethenvl1-3.5- 
dlchloropvrldine 

, The compound of Example 1a) (2.65g, 6.92mmol) was dissolved in 

15 toluene (60ml) containing p-toluenesulphonic acid (0.2g) and the mixture 
heated to rellux for 2.5h in a Dean-Stark apparatus. The reaction mixture 
was concentrated in vacuo and the residue subjected to chromatography 
(Si0 2 ; Et 2 0-hexane, 1:2) to afford the title compound (1.55g) as yellow 
crystals m.p. 99-101OC. (Found: C, 62.68; H, 5.22; N, 3.70. 

20 C 19 Hi9CI 2 N02 requires C. 62.65; H, 5.26; N. 3.85%); 5h (CDCI3) 1.5-2.1 
(8H, br m, (CHjjM), 3.86 (3H, s. OMe), 4.82 (1H, br m, OCfc|CH 2 ), 6.83 
(1H. d, J 8.9Hz. Art! QlihQ. to OMe), 6.90 (1H, d, J 16.6 Hz,CJd=CH) 7.0- 
7.2 (2H, m. 2x ArH meta to OMe) 7.40 (1H, d. 1 16.6 Hz,CH=CH), and 
8.42(2H, s, pyridine ]±>. H 6 ); mil 365 (15%), 363 (20), 297 (67), 296 (28), 

25 295 (100), 262 (29), 260 (79). 245 (36). 230 (22), 228 (27). 216 (23). and 
152 (24). 

The following compounds were prepared in a similar manner to 
Intermediate 5a. 

30 

b) ( E )-2-r2-f3-Cvc»oDBntvloxy-4-methoxv phenvl)Bthenvnpvrldine 

From the compound of Example 1b). The crude product was subjected to 
chromatography (Si0 2 ; El 2 0-hexane. 2:1) to afford the tills compound 
(1.58g) as a pale yellow solid m.p. 76-77.5°C. (Found: C, 77,20; H, 7.20; 
35 N. 4.63. CigH 2 iN0 2 requires C, 77.26; H, 7.17; N, 4.74%); 5 H (CDCI3) 
1.5-2.1 (8H, br m. (C!±>)4). 3.84 (3H. s. OMe). 4.80 (1H, br m. OCHJ. 6.80 
(1H. d. J 8.5Hz. ArH pjjho to OMe), 6.95 (1H. d. J 15.6 Hz.Ctl=CH). 6.95- 
7.7 (5H. m. 2x ArH meta to OMe + pyridine H3.M4. his), 7.51 (1H. 6. J. 
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1656 Hz.CH=CH), and 0.53(1 H, dm, vJ 4.9 Hz, pyridine Hg); m/z 295 (M+. 
23%), 294 (1 1), 227 (21), 226 (100), 21 1 (18), 184 (10), and 154 (13). 

c! (E)-4-r2-(3-Cvclopentvloxv-4-me\hoxvphenvlH-propenvl1 
5 pyridine 

From Intermediate 8 (1g) Chromatography (SiC>2; dichloromethane) 
followed by recrystallisation (hexane) afforded a mixture of (Z)- title 
compound, 4-{2-[1-(3-Cyclo-pentyloxy-4-methoxyphenyl)propenylJpyridine. 
and the title compound (247mg) as white needles m.p. 78-79°C. Found C, 
10 77.64; H. 7.58; N, 4.41 C20H23NO2 requires C. 77.63; H, 7.49; N, 
4.52%); oh (80 MHz; CDCI3) 1.6-2.0 (8H, br m, (CJd2) 4 ), 2.26 (3H, d, J 
1.3Hz. CH_ 3 ), 3.85 (3H, s, OMe), 4.75-4.85 (1H. m, OChiCH 2 ), 6.60-7.21 
/ (6H. m, ArH + PyH 3 , H 5 + C=CHJ, and 8.52 (2H, br d, PyHj,, H 6 ). m/z (El) 
309 (M+, 30%), 241 (100), 222 (21), and 212 (29). 

15 

d) (E)-3r2-(3-CvcloDenlvloxv-4-rnethoxvphenvl)ethvH-2-meUioxv- 
pyrazlne 

From Example 2d (3.9g). Chromatography (Si0 2 ; Et 2 0-hexane. 1:1) 
followed by recrystallisation (i-propanol-hexane, 1:1) afforded the title 
' 20 compound (3.24g) as a yellow solid m.p. 71 .73°C. 

INTERMEDIATE G 

a) fE)-4-r2-f3- CvcloDentvloxv-a. m ethoxvphenvl)ethenvllPvrlda2lne 

The compound of Example 2a) was dissolved in toluene (50ml) containing 
25 4-toluenesulphonic acid (0.1g) and the mixture heated to reflux in a Dean- 
Stark apparatus for 2h. The cooled reaction mixture was poured into 
saturated sodium hydrogen carbonate solution (25ml) and extracted with 
dichloromethane (1x50ml, 1x25ml). The organic extract was dried 
(MgSC>4), concentrated in vacuo and the residue subjected to 
30 chromatography (Si0 2 ; Et.20-hexane. 1:1) to afford the title compound 
(370mg) (Found: C. 72.75: H. 6.78; N. 9.23. Ci 8 H 2 oN 2 02 requires C, 
72.95: H, 6.80; N, 9.45%); 5 H (CDCI3) 1.5-2.1 (8H, br m, (CH 2 )4). 3.85 
(3H. s. OMe), 4.82 (1H. br m. OCH), 6.75-7.7 (7H. br m. ArH ortho to OMe 
+ 2x ArH meta to OMe + CH=CH + pyndazine H 3 . H5), 8.95 (1H. dd. J 4.3, 
35 1.4 Hz, pyridazine Hq). 

b) (E)-4-f2-(3-Cvclopentvloxv-4-methoxvphenvl)eUienvllPvrldlne - 
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Prepared in a similar manner to Intermediate 6a) using Ihe compound ol 
Example 2b). The crude product was subjected to chromatography (SiC>2; 
EtOAc) to afford the title compound (7.47g) as pale yellow needles m.p. 
108-108.5°C (from Et 2 0-hexane). (Found: C. 76.92; H. 7.12; N. 4.08. 

5 C9H21NO2 requires C. 77.26: H. 7.17; N, 4.74%); 5h (CDCI3) 1.5-2.1 (8H. 
br m. (CJd2)4). 3.84 (3H. s. OMe). 4.81 (1H, br m, OCHCH2). 6.77 (1H. d. J 
15.8 Hz, Chl=CH), 6.81 (1H, d, J. ca.. 9 Hz, ArH ortho to OMe), 6.95-7.1 
(3H. m, ArH meta to OMe + CH=CHJ, 7.28 (2H, dd, i 4.7, 1.6 Hz, pyridine 
H 3 . his), and 8.49 (2H, dd , J. 4.7, 1.6 Hz. pyridine JJ2. H6); W/Z 295 (M+. 

10 35%), 228 (20), 227 (100), 226 (86), 198 (34), 184 (23), 167 (12), 166 
(16). 154 (10), and 41 (20). 

c) (E)-2-r2-(3-CvclODentvloxv-4-methoxvDhenvl)ettienvnDvrazlne 
Prepared in a similar manner to Intermediate 6a) using the compound of 
15 Example 2c). The crude product was subjected to chromatography (SiOg; 

ether-hexane, 1:1) to aflord the title compound (O.BOg) as a pale brown 
; solid m.p. 81-83°C. (Found: C, 72.94; H, 6.78; N, 9.23. C10H20N2O2 
requires C, .72.94; H, 6.80; N, 9.45%); 8h (CDCI3) 1.5-2.0 (8H. br m, 
(Cfcbk), 3.84 (3H, s. OMe), 4.80 (1H, br m, OCHJ, 6.81 (1H, d. J. 8.8 Hz. 
20 ArH ortho to OMe), 6.93 (1H, d, J. 15.9 Hz. CH=CH), 7.0-7.15 (2H, m. 
2xArH meta to OMe) 7.63 (1H. d. J 15.9 Hz, CH=CHJ, and 8.25-8.60 (3H, 
m. pyrazine H3. Hs, JJ6)- 

INTERMEDIATE 7 

(3-Cvclouentvloxv-4-methoxv)pfienvl methvl ketone 

To a solution of methylmagnesiumbromide (5.44ml) in THF (150ml) at 
10°C was added Intermediate 1. The reaction mixture was left to stir at 
RT for 5-6hr ( then NH4CI and Et 2 0 (100ml) were added and the solution 
stirred for another 90 min (the solution went from hazy to clear). The 
iayers were separated, the aqueous layer was extracted with Et20 (50ml) 
the combined organic layer was extracted with a saturated bicarbonate 
solution (100ml) then brine (100ml). Evaporation in vacuo afforded 1- 
methoxy-2-cyclopentyloxy-4-(1-hydroxyethyl)benzene which was disolved 
in dichloromethane (300ml) before adding MnC>2 (10eq). The reaction 
mixture was stirred for 120h. then the Mn02 was filtered off and the 
solvent evaporation in vacuo . Purification by column chromatography 
(Si02: dichloromethane-hexane. 350-150 to dichloromethane) afforded the 
title compound . 
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^rj^^Cyclpj^^^ 

. • ni a nicotine (0.80ml) in THF was added n-BuLi 
To a cold (-7BOC) solution of 4-P^ ,ne » d l0 a cold suspens.on 

i5 .6m.). the solution stirred lor 0m, th* ranster^ ^ ^ ^ 
of cerium chloride anhydrous (2.0g) at ^ ^ |q warm tQ RT 

stirre d lor 1h beiore adding ^^"^ adde d. the solution was 
overnight. 10% NH 4 CI ^ ^ ^ layer 

lillered through Ce.ite. lhe n dried (Na 2 SO*). The 

• *as separated, washed w.th br.ne 100m ) (2 . 3 67g, 
sol vents were evaporated ^^^^tl^ N. 
as pale oil-white crystals m.p. 99-101 u ^ ^ ^ 327 

4.20. c 2 oh 2 sno3 ^; e ; c 1 ; l 3 f; 00) , and 93 (54). 

3%). 235 08). 166 (38). 151 U >• 
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25 



30 



35 



- aS^UEblSIBBMlsUna dded dro pwise to a 

, nle , m edia.e 2 (2.22g. « T^^l «?-** 1™p» andu- 
5 oiuUon o< LDA (prepared Irom ^ . 70<JC and lhe 

bulv Ui,hium (1.6U. 10.2™.. 1 °' 0 25h A solution of Intermediate 1 
mixture stir.ed at this temperature to . ^ ^ feaclion 

,3.3 2 g. 15mmo„ I" THF <*»0 - ammonium ch,or«e 

mixture allowed to warm to BT <"*'" - added an d the orgamc 

solu.ion (50 ml) and dish.— ne ^ The 
pnase separated, dried IMgSOA-^ l0 allord , h e UUS 

re sidual yellow solid was ,n, 7' e °\ 9 ., 4 o°c (Found: C. 59.49; H. 
^ngJZSSg) as « ^9.69: H, 5.53; N. 3« W 

5.68; N. 3.57. C, 9 H 2 ,CI 2 N03 ,eou u C 4J (m „, m . 

iC DCI 3 ) 1.5-2.1 (8H. or m. CHsM. ^ ' a „, Arid sdbB 

OCHCH 2 ). 5.01 OH. dd i 5 f' 8 - 4H d ^ 6 H °H , ' s pytW ine Hz. ti* ** 383 
, 0M e + 2xA,tl * >< » OM£-£ • * " . 152 , 24 ). «, 

,10%). 381 (17). 221 ' 63 18 l - ' 

inT', 125 (27). 93 (48». 65 (25). and 41(34). 

= n,p„ared In a similar manner to the 
The lollowing compounds were prepared 
compound oi Example 1 a. 
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b) (±)-2-r2-(3-CvcloDentvloxv-4-methoxvDhenvn-2 -hvdroxvethvl1 
pyridine 

From 2-methylpyricJine (1.02g, 11mmol), LDA (LOequiv), and Intermediate 
.5 1 '2.45g, 1 1 mtnol). The crude product was subjected to chromatography 

(Si02; Et20) to afford the title compound (2.67g) as a yellow solid m.p. 94- 

96°C (Found: C, 72.09; H, 7.43; N, 4.50. C 19 H23N0 3 requires C. 72.82; 

H, 7.40; N, 4.47%); 5h (CDCI3) 1.5-2.1 (9H, br m, (Cti2)4 + OH), 3.09 

(2H. d, J 6.1 Hz. CHjjAr), 3.80 (3H, s, OMe). 4.74 (1H, br, d, OCfcLCH 2 ), 
10 • 5.06 (1H, t, J. 6.1 Hz, CtlOH), 6.8-7.2 (5H. m. ArH ortho to OMe + 2xArH 

meta to OMe + pyridine H3, H4). 7.56 (1H, m, pyridine H5) and 8.47 (1H. 

dm. J 4.5Hz, pyridine H 6 ); m/z 313 (M+, 5%), 153 (16), 152 (90), 151 (53), 

93(100), 80 (17), and 41 (14). 

15 c) (±V4-T2-f3-Cvctooentvloxv-4-inettioxvDlienvn-2 -livdroxveUivll 
pvrimldlne 

From 4-methylpyrimidine (2.15g, 23.6mmol), LDA (1.0 equiv), and 
Intermediate 1 (5.12g, 23.0mmol). The crude product was subjected to 
chromatography (Si02; Et20) to afford the title compound (3.83g) as an 

20 amber oil. (HCI salt m.p. 2 11 -21 3^0) ( HCI salt Found: C, 62.24; H. 6.68: 
N. 8.06. C18H23N2O3 requires C, 61.44; H, 6.87; N, 7.96%); 5H (CDCI3) 
1.5-2.1 (8H, br m. (CikU). 3.10 (2H. d. J_ 6.5 Hz, CtkAr), 3.80 (3H, s, 
OMe), 4.15 (1H, br, s OHJ, 4.74 (1H. br, m, OCidCH 2 ), 5.10 (1H, t. J 
6.5Hz. CHOH), 6.75-6.9 (3H. m. ArH ortho to OMe + 2xArH. meJa to OMe), 

25 7.09 (1H, dd, J 4.9Hz, pyrimidine ids), 8.53 (1H, d, J4.9Hz, pyrimidine He), 
and 9.07 (1H, d. J. 4.0Hz, pyrimidine H2); ffi/z. 314 (M+, 16%), 296 (19), 
228 (23), 227 (75), 166 (18), 153 (22), 152 (20), 151 (16) t 94 (100), and 41 
(26). 

30 EXAMPLE 2 

a) f±M-r2-f3-CvcloDentvloxv-4-mettioxvDtmiivn-2-livdroxvettivl1 
ovridazine 

n-Butyllithium (1.6M. in hexanes) (9.5ml. 6.0mmol) was added dropwise to 
a solution of methylpyridazine (0.47g, 5.0mmol) in THF (25ml) at -70°C. 
35 The reaction mixture was allowed to stir at this temperature for 0.5h then a 
solution of Intermediate 1 (L1g, 5.0mmol) in THF (20ml) was added. The 
mixture was allowed to warm to RT then partitioned between 
dichloromethane (25ml) and saturated sodium hydrogen carbonate 
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solution (25ml). The organic pnase was separated, dried (MgSOn), and 
concentrated in vacuo to afford the title compound . 

The following compounds were prepared in a similar manner to the 
5 compound of Example 2a. 

b) (±M-f2-(3-Cvclopentvloxv-4-methoxvDhenvn-2-hvdroxvethvl) 
pyridine 

From 4-methylpyridine (3.00g, 32.1rnmol) I Q-butyllithium (32.1mmol), and 
1.0 Intermediate 1 (G.G2g, 31.0mmol). The crude product was subjected to 
chromatography [SiC>2; EtOAc-hexane, 3:2 (500ml) to 4:1 (1000ml) then 
ElOAc-methanol, 9:1 (1500ml)] to afford the tjjle compound (9.68g) as fine 
white needles m.p. 97-1 01 °C (from toluene), oh (CDCI3) 1.5-2.0 (8H, br 
m, (CLhh). 2.45(1 H f br, s. CHOhl), 2.96 (2H, d, >L 6.5 Hz, Cl±> pyridine), 
15 3.80 (3H, s, OMe), 4.70 (1H, br, m. OCLLCH2), 4.81 (1H, t f 16.5Hz, 
CHOH), 6.76(3H, s, ArH ortho to OMe + 2xArH meta to OMe), 7.00 (2H, 
dm, J 4.5Hz, pyridine H 3 . H5), and 8.33 (2H, dm, J 4.5Hz, pyridine hb, Jde). 

cf (±)-2-f2-(3-Cvclopentvloxv-4-methoxvDhenvt)-2-hvdroxvethvl1 
; 20 pvrazlne 

From methylpyrazine (0.94g, llmmol), n-butyllithium (1.6M; 6.9ml, 
1 1mmol) f and Intermediate 1 (2.2g, 10mmol) to afford the title compound 
as a yellowish oil. 

25 d) (±)-3-r2-(3-Cvclopentvloxv-4-fnethoxvDhenvt)-2-hvdroxvetlivn-2- 
methoxypyrazlne 

. From 2-methoxy-3-methylpyrazine (1.76ml, 15mmol), Intermediate 1 
(3.3g, 15mmol) and n-butyllithium (10.62ml. 17mmol). Chromatography 
(Si0 2 ; EtOAc) afforded the title compound (4.473g). 

30 

EXAMPLE 3 

a) 3-Amino-4-f2-(3-cvclooentvlQXV>4-methoxvDheiivl)Qlhvl]ovrldlne 

A solution of Intermediate 4 (2.178g) in THF (50ml) was hydrogenated 
over Pd/C (10%; 20mg) at RT. The reaction mixture was filtered through 
35 Celite^ and the filtrate concentrated in vacuo . The residue was 
recrystallised from Et 2 0 to afford the fitle compound (1.95g) as a white 
solid m.p. 108-1 10.5°C. (Found: C. 72.55; H. 7.66; N, 8.82. 
C19H24N2O2 requires C. 73.04: H, 7.74; N, 8.97%); OH (CDCJ3) 1.5-2.0. 
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(OH. br m, (CJ±2)4). 2.74-2.85 (411. br. m, CU2CH2W. 3.4 (2H. br m, NHa), 
3.79 (3H, s, OMe). 4.64 (1H. br, m, OCHj, 6.61 (1H, d, JL.2.0HZ, ArH orihg 
to cyclopentyloxy), 6.68 (1H, dd, J 8.1, 2.0 Hz, ArH. para. t 0 
cyclopentyloxy), 6.78 (1H, d, J. 8.1Hz, ArH orlho to OMe), 6.85 (1H. d. J 
5 5.1Hz. pyridine his). 7.90 (1H. d, d 5.1Hz, pyridine tie), and 7.94 (1H. s , 
pyridine ]±> ); irj/z_312 (M+. 51%), 244 (78), 243 (42), 205 (27), 138 (40), 
137 (100), 122 (24), 109 (35), 108 (100). 107 (24), and 41 (24). 

The folllowing compounds were prepared in a similar manner to the 
10 compound of Exmple 3a. 

b) (±)-3-(3-CvcioDentvloxv-4-methoxyDhenvlV2-(2-uvrldvl>- 
propanenitrtle 

From Intermediate 3a) (BOOmg) in methanol (100ml) to afford the iiUg 
15 compound (756mg) as a yellow solid: 5h (CDCI3) 1.5-2.0 (8H. br m. 
(CH2)4). 3.21 (2H, d. i.7.9 Hz, CHjjCHCN), 3.78 (3H, s, OMe), 4.14 (1H, 
t, A 7.9Hz. CH 2 CHCN), 4.70 (1H, br m. OCH.), 6.6-6.75 (3H, m) and 7.15- 
7>.3 (2H. m) (C 6 H 3 + pyridine M3.U4), 7.60 (1H £a. dt, 1 sa.7.5, 2Hz, 
pyridine H5), 8.56 (1H. dm, J ca. 5 Hz, pyridine Ho); m^_322 (M+, 12%), 
,20 296 (15), 254 (30), 228 (10), 138(18), 137 (100), 79 (10), and 41 (10). 

c) f±)»3-r3-CvcloDentvloxv-4-methQXVDhenvlV2-f3-Dvrldvl) 
prooanenltrlle 

From Intermediate 3 b) (500mg) in methanol (15ml) to afford the Ma 
25 compound (420mg) as a colourless oil; 5h (CDCI3) 1.6-2.0 (8H, br m, 
(CH2)4), 3.07 (2H. d, J.7.1 Hz. Ch^CHCN), 3.76 (3H, s, OMe), 3.99 (1H, 
t, J 7.1Hz, CH 2 CH,CN), 4.70 (1H, br m, OCHJ, 6.5-6.75 (3H, m) and 7.2- 
7.45 (2H. m) (2xArH meta to OMe + ArH orlho to OMe + pyridine M^Jbis). 
and 8.35-8.55 (2H, m, pyridine hb. tie); rtVz 322 (M+, 22%). 254 (51), 205 
30 (38). 138 (76). 137 (100), 122 (34), 118 (16), 94 (16), 85 (16), 65 (15), and 
41 (38). 

d) (+)-3-(3-CvcloDentvloxY-4-methoxvDlienvl)-2-(4-pvridvH 
oropanenitrlle 

35 From Intermediate 3 c) (800mg) in methanol (100ml) to afford the iillg 
compound (712mg) as a yellow oil; 5h (CDCI3) 1.5-2.0 (8H, br m, 
(CH_2)4). 3.08 (2H. d. i.7.1 Hz. CfcbCHCN), 3.79 ( 3 h. s, OMe), 3.96 (1H, 
!. CI l 2 CHCN). 4.65 (1H, br m. OCHJ, 6.5-6.8 (3H, m. 2xArH mela lo OMe 



31 



10 



15 



-, ^ row rid J 4 5 1 8Hz. pyridine hb. tfe). and 8 - 45 
+ ArH QEltlQ to OMe), 7.10 2H. dd. A • • ^ P ^ 229 

(2H dd. i 4.5. 1.8 Hz pyridine H2. be), i' 
(10). 130 (13). 137 (100). 85 (15). and 41 (12). 

^C^T^ ^ 1 - * 

3.1 (4H. m. CtfaCUaAr). 3-81 (3H. s. 0*). 470 (1H br m OCW .65 

6 8 3H m) and 7.0-7.15 (2H. m) (pyridine tb. hU and C 6 fcfa). 7.55 (1H * 
Tl' 8Hz pyridine ]±s) and 8.56 (1H. dm i -5Hz. pyridine tie); ua&J 
^ 27 » 2U (39), 138 (13). 137 (100). 106 (17). 94 
(12). 93(53). and 41 (20). 

76.55; H, 7.88; N. 4.89. C, 9 H 23 N0 2 requues C, 76.48. H. 8.10. N. 
4.B9%). 

—a .«*,> as ye^ - -££ C ^ 

9.17. C18H22N2O2 requires C. 72.46. H. f.n. • 
5 , 4.2 0 (8H. br m. (Chi*). 2.95-3.1 (4H. m. CH2CU2"). 378 (3 K * 
OMe). 4 67 (1* br. m. OCHL 6.5-6.7 (3H. m. SxArEmSia to OMe + Artl 
ortho to OMe) and 8.3-8.5 (3H. m. pyrazine Ida. ids. hte). 



n1 i.f9- (3-Cvc «" pp"tv'QX Y- 4 - mett - ox 
30 n yrazine 



35 



.40). 137 (100). and 122 (9). 
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') 4-f2-(3-Cy clopentvloxv-4-methoxvphenvl)propvllpvridlnp 

From a mixture of the three stereoisomers described in Intermediate 5c 
t0.9g). Chromatography (Si0 2 ; EtOAc) afforded the title comnnnnrj 
5 (0.696g) as a clear oil. (Found C, 76.88; H, 8.07; N, 4.36. C 2 oH 2 5N0 2 
requires C, 77.14; H. 8.09; N, 4.50). 5h (CDCI3) 1.26 (3H, £3. d, J 6.3Hz 
CHMe), 1.5-2.0 (8H. or m. (ClhU). 2.7-2.9 (3H. m. MeCLICLb), 3.78 (3H. 
s. OMe), 6.55-6.8 (3H, m, C 6 H 3 ), 6.89 (2H, dm, ica 4.5Hz, pyridine H3! 
Ms), and 8.36 (2H. dm, Jfia 4.5Hz. pyrodome ]£> He); m/L (El) 31 1 (M + . 
=10 ■ 29%), 243 (100). 242 (23), 219 (58), 151 (86), and 91 (18). 

j) (+)-3-(3-CvcloDentvloxv -4-inethoxvlpheiivl-2-(2.nBDhlhyl) 
propanenilrlle 

, From Intermediate 3d (1.5g). Filtration through celite followed by 
15 concentration in vaQuy afforded the title comoound (0.35 1g) as a white 
solid, m.p. 134-135°C. (Found C, 80.852; H, 6.808; N, 3.822. 
C25H23NO2 requires C, 80.832; H, 6.783; N, 3.77%). ffi/z. 371 (18%), 
137(100), and 205 (96). 

20 EXAMPLE 4 

a ) 3-Benzamido-4-r2-f3-c yclopentvloxv-4-melhoxyp|ierivnethyl] 
pyridine 

Benzoyl chloride (0.13ml, 1.0 mmol) was added to a solution of the 
compound of Example 3 a) (263mg, 0.88mmol) in pyridine (10ml) and the 

25 reaction mixture allowed to stir at RT for 18h. The mixture was 
concentrated in vacuo and the residue was subjected to chromatography 
(Si0 2 ; EtOAc) to afford the title compound (237mg) as a white foam m.p. 
50-51 oc (Found: C, 74.44; H, 6.79; N, 6.69. C 26 H28N 2 03 requires C, 
74.97; H, 6.77; N, 6.77%); 5h (CDCI3) 1.5-1.9 (8H. br m, (CtkM 2.90 

30 (4H. br, s, CiH2CJ±>Ar), 3.78 (3H, s, OMe), 4.48 (1H, br, m, OCHJ. 6.43 
(1H. d. I 2.0Hz ArH ortho to cyclopentyloxy), 6.57 (1H, dd, J 8.1, 2.0Hz, 
ArH earn to cyclopentyloxy), 6.74 (1H, d, J 8.1Hz, ArHMlfi to OMe). 6.93 
(1H. br s, NH.CO). 7.22 (1H. d. ± 5.0Hz. pyridine tk). 7.4-7.65 (5H. m. 
Ceids), 8.42 (1H. d. J 5.0 Hz. pyridine H 6 ) and 8.81 (1H, s, pyridine hb); 

35 m'Z 416 (M+. 14%), 349 (22). 348 (100), 347 (26), 212 (17), 199 (18), 137 
(93). 105 (90). and 77 (38). 
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The following compounds were prepared in a manner similar to the 
-jmpound of Example 4a. 

b) 4-f2-(3-CvcloDentvloxv-4-metUoxvDlienvt)eHivn-3-methvlamtoo- 
5 pyridine 

From the compound of Example 3 a) (309mg, LOmmol) and acetyl 
chloride (0.1ml, 1.4mmol) to aflord the title compound (276mg) as white 
crystals. 5h (CDCI3) 1.5-2.0 (8H, br m. (ChbM. 1.96 (3H, s, NHCOMe), 
2.85 (4H. s. ChbCHjjAr). 3.82 (3H, s. OMe). 4.59 (1H, br, s. OCHj. 6.18 

10 (1H. br s, NHCOMe), 6.46 (1H, d. J. 2.0Hz, ArH ortho to cyclopentyloxy), 
6.63 (1H, dd, J. 8.1, 2.0Hz, ArH para to cyclopentyloxy), 6.81 (1H, d. J 
8.1Hz, ArH ortho to OMe), 7.15 (1H. d, J. 4.9Hz. pyridine H5), 8.36 (1H, br 
d. J. ea 4.6Hz, pyridine he), and 8.70 (1 H. br s, pyridine hh); mfe 354 (M+. 
8%). 286 (50), 285 (16), 151 (27). 150 (47), 138 (17), 137 (100), 122 (10). 

15 1 19 (1 1), 43 (17), and 41 (17). 

c) 4-f2-(3-CvcloDentvloxv-4-methQXVuhenvnel»wn-3-isobutvlamldo- 
> pyridine 

From the compound of Example 3 a) (450mg, 1.5mmol) and isobutyryl 
20 chloride (0.22ml, 2.1mmol) to afford the title compound (310ma) as a white 
solid m.p. 100-1 01. 50C (Found: C. 72.01; H, 7.90; N, 7.26. C23H30N2O3 
requires C. 72.22; H. 7.90; N, 7.32%); 5h (CDCI3) 1.15 (6H, d, J. 6.9Hz, 
CHMe2), 1.1-1.8 (8H, br m. (CH^), 2.26('1H, m, CHMe 2 ), 2.84 (4H. s, 
CHjjCtbAr). 3.81 (3H, s, OMe), 4.58 (1H. br. m, OCHJ. 6.22 (1H. br s. 
25 NHCO), 6.44 (1H. d, J 2.0Hz ArH ortho to cyclopentyloxy), 6.62 (1H. dd, J 
8.1. 2.0Hz, ArH para to cyclopentyloxy), 6.80 (1H. d, J 8.1Hz, ArH ortho to 
OMe), 7.13 (1H. d, i 5.0Hz. pyridine Ms), 8.35 (1H, d, J. 5.0 Hz. pyridine 
H 6 ), and 8.71 (1H. br s. pyridine tk); rn/z 382 (M+, 21%), 315 '(19). 314 
(89). 313 (39), 178 (12). 137 (100). 43 (32). and 41 (41). 

30 

d) 3-(3-Benzvlureldo)-4-r2-(3-cvctoDentvloxv-4«methoxvDhenvl) 
ethyllpvrtdlne 

From the compound of Example 3 a) (399mg, 1'.3mmol) and benzyl- 
isocyanate (0.23ml. 1.8mmol) to affora the title compound (477mg) as a 
35 wnite solid m.p. 152-1540C (Found: C. 72.76; H. 7.04; N. 9.36. 
C 2 7H3,N 3 03 requires C. 72.70; H. 7.01: N. 9.43%); 5h (CDCI3) 1.5-1.9 
,'8H. br m. (CH2)4). 2.84 (4H. m. ChbCJHbAr). 3.76 (3H. s. OMe). 4.36 (2H. 
d. J 5.7Hz. NHCH 2 ). 4.62 (1H. rn. NHCH 2 ). 4.71 (1H. br rn. OCH), 5.59 
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(1H. brs. NH Ar), 6.52 (1H, d, i 2.1Hz ArH pjlhQ to cyclopentyloxy), 6.60 
(1H. dd. i 8.2. 2.1Hz. Ari l para to cyclopentyloxy), 6.74 (11-1, d. J 8.2Hz. 
ArH ortho to OMe). 7.10 (1H. d, si 5.0Hz. pyridine H5), 7.2-7.3 (5H. m. 
Colds). 0.31 (1H, d. J 5.0 Hz. pyridine H/5), and 8.62 (1H, s, pyridine Lb). 



e) N-(4-[2-(3-CvcioDentvloxy-4-cnethoxvo henvnethvn-3-Dvrldvn 
phenvlsulphonamlde 

From the compound of Example 31 (0.41 6g. 1.3mmol) and benzene- 
sulfonylchloride (0.22ml, LGinmol). Chromatography (Si0 2 ; Et 2 0) 

10 afforded the title comound (0.460g) as a yellow solid, m.p. 183.9-185.3. 
Found: C, 66.22; H, 9.76; N, 5.76. C25H28N2O4S requires C. 63.81; H. 
6.42; N, 5.95%). OH (CDCI3) 1.5-1.9 (8H, br m. (C&M, 2.73 (4H, s. 
ArChbCkh pyridine). 3.85 (3H, s, OMe), 4.62 (1H, br m, OCHJl 5.7 (1H, br 

' s NHJ. 6.43 (1H, d, i 2.0Hz ArH ortho to cyclopentyloxy), 6.59 (1H, dd. 4 

1 5 8.2. 2.0Hz, ArH Q3ia to cyclopentyloxy), 6.82 (1H, d, J 8.2Hz. ArH orJhQ to 
OMe), 7.08 (1H, d. J 4.9Hz, pyridine H5), 7.45-7.5 (2H, m. ArH. msia to 
S0 2 NH), 7.55-7.6 (1H. m. ArH fiaxa to S0 2 NH), 7.65-7.7 (2H, m, ArH 
ortho to SQ 2 NH), 8.20 (1H, sa s, pyridine U2), and 8.6 (1H, d, J 4.9Hz, 
pyridine H 6 ); ffi/z. (El) 453 (M + + 1, 30%), 452 (M + . 98), 385 (24), 384 

20 . (100), 383 (16), 243 (14), and 137 (40). 



FORMULATION EXAMPLES 

The compounds of the invention may be formulated for pharmaceutical 
25 use in a number of forms using any suitable excipients. Thus, for 
example, for oral use the compounds of the invention such as the 
compounds of the Examples may be formulated as a solid dosage form, 
by mixing an appropriate weight of compound (for example 50mg) with 
maize starch (50-99%w/w), anhydrous colloidal silica (0-10%w/w) and 
30 organic or inorganic acid (up to 1%w/w), to fill capsules of an appropriate 
size, e.g. white opaque hard gelatine capsules size 3. If desired the same 
mixture may be compressed into tablets. 

The activity and selectivity of compounds according to the invention was 
35 demonstrated in the following tests. In these tests the abbreviation FMLP 
represents the peptide N-formyl-met-leu-phe. 

Isolated Enzvtne 



5 




-1. •• ' 
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The potency and selectivity ol the compounds of the invention was 
determined using distinct PDE isoenzymes as follows: 

i. PDE I, rabbit heart 

5 ii. PDE II, rabbit heart 

iii. PDE III, rabbit heart. Jurkat cells 

iv. PDE IV, HL60 cells, rabbit brain, rabbit kidney and human 
e . recombinant PDE IV 

v. PDE V, rabbit lung, guinea pig lung 



50 
z, 



3. 



10 



H A gene encoding human PDE IV has been cloned from human monocytes 

s [Livi, et a/ .. 1990. Molecular and Cellular Biology, JO, 2678). Using similar 

l Dr procedures we have cloned human PDE IV genes from a number of 

j ; sources including eosinophils, neutrophils, lymphocytes, monocytes, brain 

t0 15 and neuronal tissues. These genes have been transfected into yeast 

l0 using an inducible vector and various recombinant proteins have been 

rH expressed which have the biochemical characteristics of PDE IV (Beavo 

1z *>and Reifsnyder. 1990, TIPS, 1_L 150). These recombinant enzymes, 

84 particularly the human eosinophil recombinant PDE IV, have been used as 
20 Ihe basis of a screen for potent, selective PDE IV inhibitors. 

The enzymes were purified to isoenzyme homogeneity using standard 
chromatographic techniques. 

;al 

l or 25 Phosphodiesterase activity was assayed as follows. The reaction was 

he conducted in 150ul of standard mixture containing (final concentrations): 

m 50mM 2-{[tris(hyaroxymethyl)methyl]amino]-1-ethane-sulphonic acid (TES) 

. ith -NaOH buffer (pH 7.5), 10mM MgCI 2 , 0.1 uM [ 3 H]-cAMP and vehicle or 

nd various concentrations of the test compounds. The reaction was initiated 

ate 30 jy addition of enzyme and conducted at 30°C for between 5 to 30 mins. 

■ne The reaction was terminated by addition of 50ul 2% trifluoroacetic acid 

containing [ 14 C1-5'AMP for determining recovery of the product. An aliquot 
of ;he sample was then applied to a column of neutral alumina and the 
/as [3H]-cAMP eluted with 10ml 0.1 TES-NaOH buffer (pH8). The [ 3 HJ-5'-AMP 

LP 25 -roauct was eluted with 2ml 2M NaOH into a scintillation vial containing 

10ml of scintillation cocktail. Recovery of [ 3 H]-5'AMP was determined 
jsing the [ 14 C]-5'AMP and all assays were conducted in the linear range of 
tne reaction. 
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Compounds according to the invention such as compounds of the 
Examples herein cause a concentration-dependent inhibition of 
recombinant PDE IV at 0.1 - 1000nM with little or no activity against PDE I 
5 II. Ill or V at concentrations up to 100nM. 

2. The Elevation of cAMP In Leukocytes 

The effect of compounds of the invention on intracellular cAMP was 
investigated using human neutrophils or guinea pig eosinophils. 
10 Human neutrophils were separated from peripheral blood, incubated 

with dihydrocytochalasin B and the test compound for 10 min and 
then stimulated with FMLP. Guinea pig eosinophils were harvested 
by peritoneal lavage of animals previously treated with intra- 
' peritoneal injections of human serum. Eosinophils were separated 

15 from the peritoneal exudate and incubated with isoprenaline and test 

compound. With both cell types, suspensions were centrifuged at the 
end of the incubation, the cell pellets were resuspended in buffer and 
boiled for 10 min prior to measurement of cAMP by specific 
radioimmunoassay (DuPonl). 

20 

The most potent compounds according to the Examples induced a 
concentration -dependent elevation of cAMP in neutrophils and/or 
eosinophils at concentrations of 0.1nM to 1uM. 

25 3. Suppression of Leukocyte Function 

Compounds of the invention were investigated for their effects on 
superoxide generation, chemotaxis and adhesion of neutrophils and 
eosinophils. Isolated leukocytes were incubated with dihydrocyto- 
chalasin B for superoxide generation only and test compound prior to 

30 stimulation with FMLP. The most potent compounds of the Examples 

caused a concentration-dependent inhibition of superoxide 
generation, chemotaxis and adhesion at concentrations of 0.1 nM to 
1uM. 

35 Lipopolysaccharide (LPS)-induced synthesis of tumour necrosis 

factor (TNF) by human peripheral blood monocytes (PBM) is inhibited 
by compounds of the Examples at concentrations of 0.01nM to IO11M. 
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a Relaxation of Constricted Alrwav Smooth Muscle In vitro 

The effects of compounds of the invention on guinea-pig isolated 
;racheal smooth muscle were investigated. Isolated tracheal rings 
were suspended in .organ baths and immersed in oxygenated Krebs' 
solution. The smooth muscle was contracted with sub-maximal 
concentrations of histamine or carbachol prior to the addition of 
increasing concentrations of test compound to the organ baths. The 
most potent compounds of the Examples caused a concentration- 
dependent reversal of both histamine and carbachol-induced 
contractions at concentrations of 1nM to 100uM. The compounds 
were generally more potent in reversing histamine-induced tone than 
carbachol-induced tone. 

c. Eftects on Cardiac Muscle In vitro 

Compounds of the invention have been tested for their effects on 
isolated cardiac muscle. Right atrial and papillary muscles were 
dissected out from the hearts of guinea pigs and suspended in organ 
baths for measuring the rate (chronotropic) of spontaneously beating 
atria and force (inotropic) of the electrically stimulated papillary 
muscle. In these preparations, selective PDE IV inhibitors such as 
rolipram do not have any direct effects whereas selective PDE III 
inhibitors such as milrinone have positive chronotropic and inotropic 
effects. The non-specific PDE inhibitor theophylline, which is used in 
asthma as a bronchodilator, also causes significant cardiovascular 
changes sucn as iachycardia. Selective PDE IV inhibitors have 
advantage over theophylline, therefore, through reduced 
cardiovascular side effects. The most potent and selective 
compounds of the Examples had no direct effects on the atrial and 
papillary muscles in vitro at concentrations up to 10iiM but in 
combination with PDE III inhibitors, these inhibitors showed an 
enhancement of chronotropic and inotropic activity, typical of 
selective type IV inhibitors. 

5. AntHnflammatorv Activity in vivo 

lnterleukin-5 (IL-S)-induced pleural eosinophilia in the rat (L/s/e, et ai 
1993. Br J. Pharmacol. 108, 230p) is inhibited by compounds of the 
Examples given orally at doses of 0.0001 to 10.0mg/kg. The most" 
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potent compounds cause a dose-dependent reduction in migrating 
eosinophils with ED50S of 0.003 to 0.03mg/kg p.o. 

Compounds of the invention also reduce the inflammatory responses 
induced in rats by platelet activating factor (PAF). 

Antl-alleralc Activity in vivo 

Compounds of the invention have been tested for effects on an IgE- 
mediated allergic pulmonary inflammation induced by inhalation of 
antigen by sensitised guinea pigs. Guinea pigs were initially 
sensitised to ovalbumin under mild cyclophosphamide-induced 
immunosuppression, by intraperitoneal injection of antigen in 
combinations with aluminium hydroxide and pertussis vaccine. 
Booster doses of antigen were given two and four weeks later and at 
six weeks, animals were challenged with aerosollsed ovalbumin 
whilst under cover of an intraperitoneal^ administered anti-histamine 
agent (mepyramine). After a further 48h, bronchial alveolar lavages 
(BAL) were performed and the numbers of eosinophils and other 
leukocytes in the BAL fluids were counted. The lungs were also 
removed for histological examination for inflammatory damage. 
Administration of compounds of the Examaples (O.OOMOmg/kg Lp. 
or p.o.), up to three times during the 48h following antigen challenge, 
lead to a significant reduction in # the eosinophllia and the 
accumulation of other inflammatory leukocytes. There was also less 
inflammatory damage in the lungs of animals treated with compounds 
of the Examples. 

Effects on Pulmonary Dynamics 

Compounds of the invention (O.OOMOmg/kg by oral or other route of 
aministration) reduce the allergic bronchoconstruction caused by 
antigen in sensitized guinea pigs. 

Compounds of the invention have been tested for their effects on 
ozone-induced hyperreactivity of the airways of guinea pigs. 
Following the inhalation of ozone, guinea pigs become very much 
more sensitive to the bronchoconstrictor effects of inhaled histamine 
than naive animals {Yeadon et a/. 1992, Pulmonary Pharm.. 5, 391 
There is a pronounced shift to the left (10-30 fold) of the dose 
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response curve to histamine and a highly significant increase in the 
maximum increase in pulmonary resistance. Compounds ol the 
Examples administered 1h prior to ozone by the intraperitoneal or 
oral (0.001 -10mg/kg) route caused a dose-dependent inhibition of 
5 ozone-induced hyperreactivity. 

9. Adverse Effects 

In general, in our tests above, compounds of the invention have had 
no observed toxic effects when administered to animals at the doses 
10 shown. 
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CLAIMS 



A compound of formula (1) 



X-R 2 



Y< 




c(n 3 )(n 5 )CH(R 4 )(Z-n 5 ) 



(1) 



wherein 



10 , 



15 



20 



Y is a halogen atom or a group -OR 1 * where R 1 is an optionally 
substituted alky! group; 

X is -O-, -S-, or -N(R 7 )- ( where R 7 is a hydrogen atom or an alkyl 
group; 

R 2 is an optionally substituted cycloalkyl or cycloalkenyl group; 
R 3 and R 4 . which may be the same or different, is each a hydrogen 
s atom or an alkyl, -CO2R 0 (where R 8 is a hydrogen atom or an 
optionally substituted alkyl, aryl, or aralkyl group), -CONR 9 R 10 
(where R 9 and R 10 which may be the same or different is each a 
hydrogen atom or an alkyl, aryl or aralkyl group), -CSNR 9 R 10 , -CN, or 
-CH2CN group; 

Z is -(CH2)n- where n is zero or an integer 1 , 2 or 3; 

R 5 is am optionally substituted monocyclic or bicyclic aryl group 

optionally containing one or more heteroatoms selected from oxygen, 

sulphur or nitrogen atoms; 

R 6 is a hydrogen atom or a hydroxyl group; 

and the salts, solvates, hydrates, prodrugs and N-oxides thereof. 

A compound according to Claim 1 wherein Y is a group -OR 1 . 

A compound according to Claim 2. where R 1 is an optionally 
substituted straight or branched C1-3 alkyl group. 

A compound according to Claim 3 wherein R 1 is a -CH3 group. 
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S. A compound according to any o. Claims . to 4, wherein X is -0-. 

3. A compound according to any ol .Cairns - lo 5 wherein R* is a 

cyclopentyl group. 

5 7 A compound according to any of the preceding claims wherein Z is a 
-(CH 2 ) n - group where n is zero or an integer 1 or 2. 

' 8 . A compound according to Claim 7 wherein Z is a -(CH 2 ) n - grouo 
10 where n is zero. 

, • 9. A compound according io any ol Claims 1 lo 8 wherein R3 is a 
hydrogen atom or a -CH 3 group. 

,0. A compound according .o Claim 9 where P? is a hydrogen aiom. 



15 1! 



•1 A compound according to any ol Claims 1 lo 10 wherein R 4 is a 
hyZen atom or an oprionally subsWu.ed C.alkyl or -CN group. 

20 ,2. A compound according io Claim 11 wherein R- is a hydrogen atom or 

a -CN group. 

,3. A compound according to any of the preceding claims wherein R° is 
a hydrogen atom. 



25 



,4 \ compound according to Claims 1 to 13 wherein R* is an opt.ona.ly 
' substituted Ce-12 aryl or C3-9 heteroarv. group containing one. two or 
three heteroatoms selected from -0-. -S- or -N- atoms. 

30 ',5 A compound according to Cairn 14 wnerein R* is an optionally 
substituted phenyl, pyridyl or pyrimidinyl group. 

16 A compound according to Claim 15 wnere R* is a phenyl or a 2- or 3- 
monosubstituted or ^substituted ohenyi group. 

35 
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17. A compound according to Claim 15 where R 5 is a 2-, 3- or 4-pyridy| 
group or a 3,5-disubslituted- or 3-monosubstituted-4-pyridyl group. 

18. A compound according to any of Claims 14 to 17 wherein the aryl or 
heteroaryl group is substituted by one or more substituents R1 1 
wherein RH is an atom or group R12 or -Alk 1 (R'2) m wherein R12 is 
a halogen atom, or an amino (-NH 2 ). substituted amino, nitro, cyano, 
hydroxyl (-OH), substituted hydroxyl, cycloalkoxy, formyl (HC(O)-J, 
carboxyl (-C0 2 H). esterified carboxyl, thiol (-SH). substituted thiol! 
-C(O)R 0a , (where R Ba is a hydrogen atom or an optionally substituted 
alkyl. aralkyl or aryl group), -S0 3 H, -S0 2 R 8a - -S0 2 N(R8a)(R9a) i 
(where R 9a is as defined for R«a and may be the same as or different 
to R8a), -CON(R8 a )(R9a )( -NHS0 2 R 8a , -N[S0 2 RBaj 2i 
-NHS0 2 N(R8a)(R9a )> . NHC(0)R 8a i or . NHC(0 ) 0 R8a gr0U p. Alk i , s a 
straight or branched Ci. 6 alkylene, C 2 . 6 alkenylene, or C 2 . 6 alkynylene 
chain optionally interrupted by one. two. or three -0-, or -S- atoms or 

> -S(0)p-„ [where p is an integer 1 or 2] or :N(R7). (where R? is a 
hydrogen atom or an optionally substituted alkyl group) groups; and 
m is zero or an integer 1, 2 or 3. 

19. A compound according to Claim 18 wherein R" is a halogen atom or 
a nitro, amino, alkoxy, haloalkyl, hydroxy, -fslHCOR 8a , -NHCONHR 83 . 
or -NHS0 2 R8a group. 

20. A compound whicli is: 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)ethylJpyridine; 
(±)-3-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)propanenitrile; 

3- Be^2amido-4-(2-(3-cyclopentyloxy-4-methoxyphenyl)ethylJpyrldine; , 

N-{4-{2-(3-Cyclopentyloxy-4-methoxyphenyl)ethylJ-3-pyridyl)phenyl- 
sulphonamide; 

4- [2-(3-Cyclopentyloxy-4-methoxyphenyl)ethyl]-3.5-dichloropyrldine; 

3- Amino-4-[2-(3-cyclopentyloxy-4-methoxyphenyl)ethylJpyridine; 

4- [2-(3-Cyclopentyloxy-4-methoxyphenyl)elhyl]-3- 
isobutylamidopyridine; 

or 
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3-(3-Benzylureido)-4-[2-(3-cyciopentyloxy-4- 

methoxyphenyDethyllpyridine; and the salts, solvates, hydrates and 
N-oxides thereof. 

A pharmaceutical composition comprising a compound ol formula (1): 




C(R 3 )(R 6 )CH(R J )(Z-R 5 ) 



(D 



10 wherein 

Y is a halogen atom or a group -OR*- where Ri is an optionally 

substituted alkyl group; 

X is -0-. -S-. or -N(R 7 )-. where R 7 is a hydrogen atom or an alkyl 
group; 

i 5 R2 is an optionally substituted cycloalkyl or cycloalkenyl group; 

R3 and R 4 , which mav be the same or different, is each a hydrogen 
atom or an alkyl. -CO' 2 R 8 (where R° is a hydrogen atom or an 
optionally substituted alkyl. aryl. or aralkyl group), -CONR 9 R 10 
(where R 9 and Ri° which may be the same or different is each a 

20 hydrogen atom or an alkyl. aryl or araikyl group), .CSNR9R">. . CN . or 

-CH2CN group; 

Z is -(CH2)n- where n is zero or an integer 1. 2 or 3; 
R5 is an optionally substituted monocyclic or bicyclic aryl group 
optionally containing one or more heteroatoms selected from oxygen. 
25 sulphur or nitrogen atoms; 

r6 is a nvdrogen atom or a hydroxy! group; 

and the salts, solvates, hydrates, prodrugs and N-o;.ides thereof, 
together with one or more pharmaceutical* acceptable earners, 
excioients or diluents. 



22. A orocess ior the preparation of a compound of formula (1) 
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l 3 ■ 

c(n 3 )(n°)CH(n 4 )(z.n 5 ) 
wherein 

Y is a halogen atom or a group -OR 1 , where R1 is an optionally 
substituted alkyl group; """any 

X is -O-. -S-. or -N(R7), where R7 is a nyd 

group; yi 
R* is an optionally substituted cycloalkyl or cycloalkenyl group- 
R and R4, which may be the same or different, is each a hydrogen 
atom or an alkyl, -C0 2 R8 (whe re R8 is a hydrogen a(om Qr gn 

optionally substituted alkyl, aryl, or aralkyl group), -CONRfRio 
(where W and Rio which may be , ne game Qr djf|erent ^ ^ g 

hydrogen atom or an alkyl, aryl or aralkyl group), -CSNR9R10 . C n or 
-CH 2 CN group; ' 

Z is -(CH 2 ) n - where n is zero or an integer 1, 2 or 3; 

R 5 is an optionally substituted monocyclic or bicycllc aryl group 

optionally containing one or more heteroatoms selected from oxygen 

sulphur or nitrogen atoms; ' 

R 6 is a hydrogen atom or a hydroxyl group; 

and the salts, solvates, hydrates, prodrugs and N-oxides thereof 

which comprises in a final step: 



a) hydrogenating a compound of formula 



(3) 




25 C(R 3 )=C(R J )(Zn 3 ) ._ 

(3) 

wherein Y. X. R2 R3 R 4. z and R5 are as described for 
formula (1); 
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alkylating a compound of formula (7) 



X-H 




C(H)(R 3 )C(n 4 )(ZR s ) 



wherein Y. X, R 3 , R 4 , Z and R5 are as described for formula 
(1) with a halide R2 Hal or an alcohol R 2 OH; 

in the preparation of a compound of formula (1) where R 6 is 
-OH reacting a ketone or aldehyde of formula (5) 



X-R 2 




with an organometallic reagent R 4 R 5 ZCHM (where M is a 
metal atom;, or 

interconverting a compound of formula (1) to another 
compound of formula (1). 
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